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[bookmark: _Toc69027112][bookmark: _Toc54552893][bookmark: _Toc32744954][bookmark: _Toc111724340][bookmark: _Toc54553015][bookmark: _Toc48211438][bookmark: _Toc62397266]Introduction
The Rel-18 SI “Study on expanded and improved NR positioning” was approved in RAN1#94e (RP-213588) [24], which includes the following objective:
· Study solutions for accuracy improvement based on NR carrier phase measurements [RAN1, RAN4]
· Reference signals, physical layer measurements, and physical layer procedures to enable positioning based on NR carrier phase measurements for both UE-based and UE-assisted positioning [RAN1]
· Focus on reuse of existing PRS and SRS, with new reference signals only considered if found necessary

This contribution summarizes the following email discussion for the issues and proposals submitted to RAN1#110bis-e for above objective:
[110bis-e-R18-Pos-05] Email discussion on improved positioning accuracy based on NR carrier phase measurement by October 19 – Ren (CATT)
· Check points: October 14, October 19
[bookmark: _Toc48211442][bookmark: _Toc54552895][bookmark: _Toc54553017][bookmark: _Toc48211440][bookmark: _Toc511230715][bookmark: _Toc511230578]The discussion includes the following aspects: 
· Reference signals for NR carrier phase measurements
· Physical layer measurements for NR carrier phase positioning
a) DL/UL carrier phase measurements
b) Carrier phase measurements of multiple frequencies
c) Phase differences for DL-AOD
d) Phase-smoothed timing measurements
· NR carrier phase positioning techniques and physical layer procedures
a) Differential carrier phase positioning with PRU
b) Integer ambiguity 
c) Multipath mitigation
d) Antenna phase center offsets
e) RTT carrier phase positioning
f) Assistance data for NR carrier phase positioning
· Evaluation and observations
a) Evaluation assumptions
b) Evaluation results and observations
i. Performance of NR carrier phase positioning
ii. 
· Others
a) TRP time synchronization	
b) Sidelink carrier phase positioning

Note: In the summary, the FL proposals marked with (H) are chosen as high-priority proposals for online/offline discussions. However, it is encouraged to provide inputs for all FL proposals. The FL may adjust the priority of the proposals based on the inputs of the interested companies during the meeting as necessary.
[bookmark: _Toc111724377]Reference Signals for Carrier Phase Measurements
Submitted Proposals:
· (vivo, R1-2208650[2]) Proposal 1:	To reuse the existing signal (SRS, or PRS) for carrier phase measurement.
· (China Telecom, R1-2208774[4]) Proposal 1: reuse the existed DL-PRS or UL SRS-Pos for phase based positioning.
· (China Telecom, R1-2208774[4]) Proposal 2: The possible modification on the pattern of reference signal especially the supplement of the short transmission period can be considered.
· (OPPO, R1-2208801[5]) Proposal 1: The NR phase measurement-based positioning shall be based on the existing DL PRS and SRS for positioning.
· (CATT, R1-2208983[6]) Proposal 7: The existing Rel-16 DL PRS and SRS for positioning can be used as the reference signal for supporting NR carrier phase positioning in Rel-18. 
· Note: Further optimization of the reference signal on top of existing R16 DL PRS and SRS for positioning may also be considered in Rel-18 or a future release.
· (Lenovo, R1-2209395[12]) Proposal 2: To improve the positioning performance of NR by applying the carrier phase positioning method, the PRS waveform should be continuous. This is enabled by performing raised cosine technique over the PRS waveform.
· (Lenovo, R1-2209395[12]) Proposal 3: To improve the positioning performance of NR by applying the carrier phase positioning method, contiguous mapping of PRS generating sequence in time domain needs to be studied.
· (Lenovo, R1-2209395[12]) Proposal 4: The range of values of the frequency offset  koffset  and the number of contiguous symbols LPRS for accurate carrier phase measurements need to be further investigated.
· (Lenovo, R1-2209395[12]) Proposal 5: RAN1 to further study the support of narrower bandwidth configurations for carrier phase-based positioning.
· (InterDigital, R1-2209489[13]) Proposal 5: Study new PRS designs for carrier phase measurements for UL and DL.
· (InterDigital, R1-2209489[13]) Proposal 6: A method to differentiate multiple PRSs, if they are transmitted at the same time-frequency resource, should be identified.
· (InterDigital, R1-2209489[13]) Proposal 13: Support both UE-based and UE-assisted NR carrier phase positioning.
· (Locaila, R1-2209543[15]) Proposal 6) For efficient carrier phase measurement and synchronization, re-designing of current NR PRS is necessary.
· (Locaila, R1-2209543[15]) Proposal 7) Study the proposed continuous PRS sequence with subcarrier allocation method to improve the phase measurement accuracy.
· (Samsung, R1-2209738[17]) Proposal 1: Study the use of Rel-16 DL and UL positioning reference signals with no or small Comb for the carrier phase method.
· (Samsung, R1-2209738[17]) Proposal 2: Study the use of Rel-16 DL and UL positioning reference signals using the same frequency offset (k') across OFDM symbols of a slot for the carrier phase measurement.
	
FL Comments:
One of the SI objectives is to study the Reference signals for the NR carrier phase measurements. Whether to introduce new reference signals for carrier phase measurements was intensively discussed in previous meetings.  The majority of companies support the reuse of the existing positioning signal (DL PRS or UL SRS) for carrier phase measurement (e.g., [25][26] [2, 4, 5, 6]). The obvious advantage of reusing Rel-16 DL and UL positioning reference signals is the minimum impact on the existing specification and the implementation. That is, it has no physical layer impact on the generation of the reference signals and may only have minimal impact on the reception of the reference signals. In addition, the carrier phase measurements can be obtained together with other existing positioning measurements from DL PRS and/or UL SRS for positioning. Based on the analysis and evaluation results provided by the majority of companies, it is clear that Rel-16 DL and UL positioning reference signals can be re-used as the reference signal for supporting NR carrier phase positioning.
On the other hand, when Rel-16 DL and UL positioning reference signals were designed, there is no consideration for the carrier phase positioning. Thus, some companies suggest modifications (e.g., [4][17]) or re-design of the reference signals (e.g., [12][13][15]), which could potentially provide better performance of carrier phase measurements. 
As described in the following objective of the SID [24]:
· Study solutions for accuracy improvement based on NR carrier phase measurements [RAN1, RAN4]
· Reference signals, physical layer measurements, physical layer procedures to enable positioning based on NR carrier phase measurements for both UE-based and UE-assisted positioning [RAN1]
· Focus on reuse of existing PRS and SRS, with new reference signals only considered if found necessary

The focus of the study is on the reuse of existing PRS and SRS and the new reference signals are only considered if found necessary. Based on the investigation so far, it is clear that the existing PRS and SRS can be reused as the reference signals to enable positioning based on NR carrier phase measurements for both UE-based and UE-assisted positioning. Thus, the FL suggests making a conclusion in this meeting. Then, we can decide whether to consider further enhancements to the reference signals in the next meeting.
[bookmark: P1](H) (Round 1) Proposal 2-1.1
· The 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. 
· FFS: Whether to consider the other enhancements of the existing DL PRS and UL SRS for better positioning performance

	Company
	comments

	vivo
	Okay

	Nokia/NSB
	Support

	CATT
	Support

	Fraunhofer
	Support

	Samsung
	We can accept for progress. Regarding enhancements, we think that we should at least consider allocation of DL PRS or UL SRS to same sub-carriers in symbols of DL or UL slots. Therefore, we suggest:
· The 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. 
· FFS: allocation of DL PRS or UL SRS to same sub-carriers in symbols of a DL or UL slot respectively.
· FFS: Whether to consider other enhancements of the existing DL PRS and UL SRS for better positioning performance


	ZTE
	Support.

	MTK
	Agree 

	Huawei, HiSilicon
	We support to reuse the existing positioning reference signal and consider the dedicated enhancements for the carrier phase positioning. 

	CMCC
	In the SID, it has already captured that focusing on reusing existing PRS/SRS. But basically, we are ok to have an explicit agreement on this.
· Study solutions for accuracy improvement based on NR carrier phase measurements [RAN1, RAN4]
· Reference signals, physical layer measurements, and physical layer procedures to enable positioning based on NR carrier phase measurements for both UE-based and UE-assisted positioning [RAN1]
· Focus on reuse of existing PRS and SRS, with new reference signals only considered if found necessary


	Xiaomi
	Support 

	Intel
	Support.

	Ericsson
	Agree.  Regarding FFS, we currently do not see any enhancements that could improve the performance.

	Qualcomm
	Support

	Locaila
	Support

	Sharp
	Support

	Philips
	Support

	LGE
	Support 

	IIT Kanpur, CEWiT
	We support the proposal. 

	Apple
	Okay




[bookmark: _Toc111724341]Physical layer measurements for carrier phase positioning
	Agreement (RAN1#109e)
The study of the accuracy improvement based on NR carrier phase measurements in Rel-18 SI may include:
· UE-based and UE-assisted carrier phase positioning,
· UL carrier phase positioning and DL carrier phase positioning.
· NR carrier phase positioning with the carrier phase measurements of one carrier frequency or multiple frequencies
· Combination of NR carrier phase positioning with another standardized Rel. 17 positioning method, e.g., DL-TDOA, UL-TDOA, Multi-RTT, etc.
· Note: The use of “carrier phase positioning” does not necessarily mean it is a standalone positioning method
· FFS: whether SL carrier phase positioning is to be discussed in Rel-18 SI 

Agreement (RAN1#109e)
· For the purposes of discussion, for NR downlink and/or uplink carrier phase positioning, the carrier phase (CP) at a RF frequency at a receiver is a phase that is a function of the signal propagation time from an Tx antenna reference point of a transmitter (e.g., a TRP or a UE) to a Rx antenna reference point of the receiver (e.g., a UE or a TRP).
· The propagation time can be expressed in a fractional part of a cycle of the RF frequency and a number of integer cycles, but the CP may be independent of the number of integer cycles. 





Submitted Proposals:
· (Huawei, R1-2208455[1]) Proposal 2: The double differential carrier phase and multi-frequency carrier phase should be considered for carrier phase positioning 
· (Huawei, R1-2208455[1]) Proposal 3: For carrier phase jointly with DL-TDOA, phase difference between the measuring TRP and reference TRP can be reported by UE.
· (Huawei, R1-2208455[1]) Proposal 4: For carrier phase jointly with UL-TDOA, relative phase can be reported by TRP.
· (Huawei, R1-2208455[1]) Proposal 5: For UL carrier phase positioning method, the TRP can report carrier phase measurements on multiple frequencies or distance information computed from multi-frequency carrier phase measurements.
· (Huawei, R1-2208455[1]) Proposal 6: For DL LMF-based carrier phase positioning method, the UE can report carrier phase measurements on multiple frequencies or distance information computed from multi-frequency carrier phase measurements.
· (vivo, R1-2208650[2]) Proposal 2:	The carrier phase measurement is the phase of a fractional part of the propagation time.
· (vivo, R1-2208650[2]) Proposal 3:	NR carrier phase measurement can be the carrier phase difference between the Transmission Point (TP) and the reference TP.
· (Nokia, R1-2208736[3]) Proposal 6: RAN1 to study and identify necessary measurements to support CP positioning for both DL-based positioning and UL-based positioning.
· (Nokia, R1-2208736[3]) Proposal 8: RAN1 to study physical layer procedure to support virtual wavelength method to address integer ambiguity problem.
· (China Telecom, R1-2208774[4]) Proposal 4: support multiple carrier phase measurements, because it is benefit for integer ambiguity removal, and contribute to performance improvement of distance estimation.
· (China Telecom, R1-2208774[4]) Proposal 5: for the single carrier signal mechanism, support the round trip measurements of phase difference on both sides in order to eliminate the initial phase offset.
· (OPPO, R1-2208801[5]) Proposal 2: Study using carrier phase measurement of multiple carrier frequencies to resolve the issue of integer ambiguity.
· (OPPO, R1-2208801[5]) Proposal 3: The UE can measure and report carrier phase of multiple REs in DL PRS and the UE reports the carrier phase measurement and positioning measurement results of legacy positioning method.
· (OPPO, R1-2208801[5]) Proposal 4: Study measuring and reporting the relative phase of different Tx antenna ports of TRP for positioning.
· (OPPO, R1-2208801[5]) Proposal 5: Study the PRS enhancement for supporting measuring relative phase of Tx antenna ports of TRP 
· (OPPO, R1-2208801[5]) Proposal 6: The TRP measures and reports carrier phase of multiple REs in SRS for positioning and the TRP also reports the carrier phase measurement and positioning measurement results of legacy positioning method.
· (CATT, R1-2208983[6]) Proposal 2: Support UE/TRP to report the carrier phase measurements corresponding to multiple carrier frequencies of different carriers, and/or corresponding multiple subcarrier frequencies of the same or different carriers for NR carrier phase positioning.
· (CATT, R1-2208983[6]) Proposal 8: The candidate measurements for carrier phase positioning may include:
· DL/UL carrier phase measurements corresponding to the carrier frequency of a carrier, or corresponding to one or more subcarrier frequencies within the bandwidth of the carrier, between a Tx antenna of a UE/TRP and a Rx antenna of a TRP/UE
· Single differential DL carrier phase measurement between different Tx antennas of a TRP or different TRPs, and a Rx antenna of a UE;
· Single differential DL carrier phase measurement between different UE Rx antennas and a Tx antenna of the TRP;
· Single differential UL carrier phase measurement between different UE Tx antennas and the same Rx antenna of the TRP.
· (Intel, R1-2209059[7]) Proposal 3: Study introduction of RSTD measurement based on carrier phase estimates of the DL PRS signal at the kth subcarrier frequency for the target and reference TRPs normalized by the carrier frequency (ωc + ωk).
· FFS: If/how to introduce reporting of carrier phase measurements directly. 
· (Intel, R1-2209059[7]) Proposal 7: For high accuracy positioning, study TX beamforming phase difference estimation for reference and target TRPs for mitigation of effect of PCO and ARP errors for DL RSTD based methods.
· (Intel, R1-2209059[7]) Proposal 9: Study RSTD measurement for the multi element RX antenna array, which requires RX beamforming phase difference estimation for the reference and target TRPs.
· (Intel, R1-2209059[7]) Proposal 10: Study introduction of RTOA measurement based on the carrier phase estimates of the UL SRS signal at the kth subcarrier frequency normalized by the carrier frequency (ωc + ωk).
· FFS: If/how to introduce reporting of carrier phase measurements directly.
· (Intel, R1-2209059[7]) Proposal 12: Study RTOA measurement for the multi element TX antenna array, which requires TX beamforming phase difference estimation for the reference and target TRPs.
· (Intel, R1-2209059[7]) Proposal 13:	Study RTOA measurement for the multi element RX antenna array, which requires RX beamforming phase difference estimation for the reference and target TRPs.
· (NEC, R1- 2209152[8]) Proposal 1: How to quantitate the received carrier phase (also accompany with integer part) in the specification and report it from UE side should be further studied.
· (ZTE, R1-2209215[9]) Proposal 1: For multiple segments CP report within a carrier, center frequency or λ should be informed for each of each segment.
· (ZTE, R1-2209215[9]) Proposal 3: Phase or phase difference report should be supported at least for TDOA.
· (ZTE, R1-2209215[9]) Proposal 4: The same Phase Error Group(PEG) should be used for CP measurement.
· (ZTE, R1-2209215[9]) Proposal 8: The number of carrier phases to be reported could be determined based on the positioning accuracy and measurement overhead requirements.
· (Xiaomi, R1-2209293[10]) Proposal  2: Support positioning report containing the carrier phase and the corresponding carrier frequency for multiple carrier frequencies.
· (Xiaomi, R1-2209293[10]) Proposal  3: Study relative carrier phase measurement between RSs from different TRPs.
· (CMCC, R1-2209343[11]) 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.
· (InterDigital, R1-2209489[13]) Proposal 2: Study transmission and reception modes (e.g., 2 TX 1RX, 1Tx 2 RX) for phase-difference based positioning.
· (InterDigital, R1-2209489[13]) Proposal 3: For DL-based positioning, at least the following positioning methods should be supported: NR carrier phase positioning and joint carrier phase and DL-RSTD.
· (InterDigital, R1-2209489[13]) Proposal 7: Support the UE to select and report the reference for phase difference measurements.
· (InterDigital, R1-2209489[13]) Proposal 8: Support the UE to report the estimated number of cycles of a received carrier.
· (InterDigital, R1-2209489[13]) Proposal 9: Support the UE to perform PRS measurement in multiple frequencies in one measurement window.
· (InterDigital, R1-2209489[13]) Proposal 10: Support the UE to report the phase measurement in multiple frequencies in one measurement reporting.
· (IIT Kanpur, R1-2209546[16]) Proposal 1: Carrier phase difference measurement should be used as measurement quantity for carrier-phase based positioning.
· (Samsung, R1-2209738[17]) Proposal 6: Study using multiple carriers to determine a phase of a virtual carrier with a lower virtual frequency.
· (LGE, R1- 2209805[19]) Proposal 1: Consider both carrier phase measurement and subcarrier phase measurement based positioning methods.
· (LGE, R1- 2209805[19]) Proposal 2: Consider RSPD report for the carrier phase measurement.

DL/UL carrier phase measurements
FL Comments
In RAN1#109e, it was agreed that the study of the accuracy improvement based on NR carrier phase measurements in Rel-18 SI may include: UE-based and UE-assisted, UL/DL carrier phase positioning, with the carrier phase measurements of one carrier frequency or multiple frequencies.
For the DL carrier phase measurements, it seems the majority of companies (e.g., [1][2][5]][6][7][8][10][13][16][19]) are supportive of reporting the difference of the carrier phases measured from different PRS signal(s), in a way similar to Rel-16 RSTD measurements. The approach allows the removing the impact of some UE-related errors (e.g., UE clock errors/initial phase) from the reported carrier phase measurements and may have less impact on the specification since it uses a similar way as Rel-16 RSTD reporting. 
For UL carrier phase measurements, it is reasonable to simply follow a similar way as Rel-16 RTOA to report the UL carrier phase measurements obtained from the UL SRS signal from the target UE.
[bookmark: P2](H)(Round 1) Proposal 3.1-1
· For UE-assisted NR carrier phase positioning, at least consider the following alternatives 
· the difference between the carrier phase measured from the DL PRS signal(s) of the measuring target TRP and the carrier phase measured from the DL PRS signal(s) of the reference TRP can be reported from the UE to the LMF.
· FFS: the definition of the DL carrier phase difference measurement
· the carrier phase measured from the DL PRS signal(s) of a TRP
· FFS: the definition of the DL carrier phase measurement

	Company
	comments

	InterDigital
	Support

	Nokia/NSB
	In general okay but suggest to say “at least the difference between”. Also we may need to clarify that “measuring TRP” means target TRP not that the TRP is the one measuring 

	CATT
	Support

	Fraunhofer
	Similar comment as Nokia on the measuring TRP

	Samsung
	We would also like to consider reporting the phase of a single TRP. Therefore, we suggest the following update:

· For UE-assisted NR carrier phase positioning, study the following alternative:
· Reporting from the UE to the LMF, the difference between the carrier phase measured from the DL PRS signal(s) of the measuring TRP and the carrier phase measured from the DL PRS signal(s) of the reference TRP can be reported from the UE to the LMF.
· Reporting from the UE to the LMF, the carrier phase measured from the DL PRS signal(s) of a TRP.




	ZTE
	Support

	MTK
	1, similar view as some other companies that “measuring TRP”  “target  TRP”
2, We assume this reporting should be when DL-TDOA/RSTD measurement is configured?
3, We assume the carrier phase here is the observed phase at DC when downconverting to baseband? Or UE could choose a frequency slightly away from DC, since it may have DC notch filter at RF circuit in order to mitigate the impact of DC offset to improve the dynamic range after ADC. Then several subcarriers around DC may be impacted

	CMCC
	Support

	Xiaomi
	Support in principle. And suggest to revise “measuring TRP” to “measured TRP”.

	Intel
	Before we can agree to this proposal, it needs to be clarified how is “carrier phase” defined. In particular, does this mean that carrier phase is difference is reported per subcarrier, or, else, what is the reference frequency assumption for the reported phase, e.g., center frequency of a carrier, etc.? 
In our view, a more efficient approach would be to report an equivalent RSTD type of metric where the RSTD metric is determined based on carrier phase measurements across different subcarriers.
In any case, it needs to be clarified as to what is the reference frequency for the reported carrier phase and how a UE is expected to translate to this value from multiple observations at different subcarriers. 

	Ericsson	
	Agree with proposal except that “measuring TRP” should be changed to “target TRP” as mentioned by some companies.

	Qualcomm
	Agree with Nokia

	Locaila
	Support

	Sharp
	Support

	Philips
	We agree with others that 'target TRP' should be used instead of 'meaauring UE.' We also with Intel that at least a reference carrier should be defined for carrier phase measurement reporting.

	LGE
	We have similar view with Nokia. We prefer to add “at least” and think that “measuring TRP” shall be change to “target TRP” for more clear understanding. 

	IIT Kanpur, CEWiT
	We support the proposal. 

	Apple
	Okay with update from Nokia




[bookmark: P3](H)(Round 1) Proposal 3.1-2
· For NR carrier phase positioning, the carrier phase measurements obtained by the TRP from the UL SRS for positioning purpose of a UE can be reported from the TRP to the LMF.
· FFS: the definition of the UL carrier phase measurement

	Company
	comments

	Nokia/NSB
	Support

	CATT
	Support

	Fraunhofer
	Okay with the intention. Can a TRP report more than a single carrier phase measurement from one instant (for example UL-AoA related measurements)?

	Samsung
	We are fine with the direction of the proposal. Suggest to say study …
For NR carrier phase positioning, study reporting from the TRP to the LMF the carrier phase measurements obtained by the TRP from the UL SRS for positioning of a UE can be reported from the TRP to the LMF


	ZTE
	Support

	Huawei, HiSilicon
	There is no need to restrict the SRS to be SRS for positioning.

We prefer to remove “for positioning” or change it to “for positioning purpose”.

	CMCC
	Support

	Xiaomi
	Does the carrier phase include the absolute phase or the relative phase to a reference phase? 

	Intel
	As for the previous proposal (3.1-1), before we can agree to this proposal, it needs to be clarified how is “carrier phase” defined. In particular, does this mean that carrier phase is difference is reported per subcarrier, or, else, what is the reference frequency assumption for the reported phase, e.g., center frequency of a carrier, etc.? 
In our view, a more efficient approach would be to report an equivalent RSTD type of metric where the RSTD metric is determined based on carrier phase measurements across different subcarriers.
In any case, it needs to be clarified as to what is the reference frequency for the reported carrier phase and how a UE is expected to translate to this value from multiple observations at different subcarriers. 

	Ericsson
	Support

	Qualcomm
	Support

	Locaila
	We don’t agree on reusing existing SRS. 
We believe uplink reference symbol should also be enhanced at least on the configuration/pattern. 
In particular when considering the application of carrier phase to V2X, it should be completely redesigned.

· For NR carrier phase positioning, the carrier phase measurements obtained by the TRP from the UL reference symbol SRS for positioning of a UE can be reported from the TRP to the LMF.


	Sharp
	Support

	Philips
	Support

	LGE
	Fine with the proposal, but prefer to add “at least” before “the carrier phase measurement”. 

	IIT Kanpur, CEWiT
	We support the proposal. 

	Apple
	Okay




Carrier phase measurements of multiple frequencies
FL Comments
Many companies have investigated the benefits of using carrier phase measurements from multiple frequencies for NR carrier phase positioning (e.g., [1, 3, 4, 5, 6, 7, 9, 10, 11, 13, 17, 19]. Different from GNSS systems, where the carrier frequencies of the GNSS signals are all fixed, NR has a very rich spectrum, and the flexibility to support the carrier measurements from different frequencies of the same or different carriers, the same or different bands, and the same or different DL PRS frequency layers (Note: In FL’s understanding, in here the carrier phase measurements of different carriers are assumed to be obtained separately and independently. It does not require the support of carrier aggregation (CA)).
In the previous meeting, there was a discussion on the definition of the frequencies of carrier phase measurements when the multiple carrier phase measurements are obtained from different subcarriers. In FL’s understanding, the carrier frequency of a carrier phase measurement should always refer the frequency of a carrier wave (with respect to the DC) that is modulated to transmit signals. Thus, the frequency of the carrier phase measurement of a subcarrier should be the carrier frequency of the subcarrier. 
(H)(Round 1) Proposal 3.2-1
· The carrier phase measurements of multiple frequencies can be considered for NR carrier phase positioning, where the multiple frequencies can be the frequencies of different carriers or the subcarriers within the same carrier.
· Note: The frequency of a carrier phase measurement is considered to be the absolute frequency, i.e., relative to the direct current (DC).
· FFS: the physical layer procedures to enable the reporting of carrier phase measurements of multiple frequencies.

	Company
	comments

	vivo
	We don’t understand the proposal since it is different from the FL comments, in the FL comment, the multiple carriers should be different frequencies. But in the proposal, it also can be a different subcarrier.
In addition, we acknowledge the benefits of GNSS since the perfect syncopation and measurement at the same time. But, in Rel-16 or Rel-17, a MG or PPW only supports measuring at one frequency at the same time. We are not sure it is beneficial for NR carrier phase positioning.

FL: Not sure if the confusion comes from the terms. Maybe we can use the formula defined from TS 38.211 for the explanation. The transmitted PRS signals can expressed as:






Where is the carrier frequency,  is the subcarrier index, and  is subcarrier spacing. Let us assume 

Then, let us assume “the frequency of the carrier phase measurements of a carrier” refers to . Then, the carrier frequency of the subcarrier carrier is .

A UE may provide the carrier phase corresponding to from the received DL PRS signals, or measure the carrier phase corresponding of a subcarrier. The motivation for providing the carrier phase of subcarriers is that for a carrier with large BW, e.g., 100MHz, one may use them for improving carrier phase positioning performance, e.g., combining them to get the virtual carrier phase measurement to resolve the integer ambiguity.



	InterDigital
	Support

	Nokia/NSB
	We think it may be simpler to say:
· The carrier phase measurements of multiple positioning frequency layers can be considered for NR carrier phase positioning.
· Note: The frequency of a carrier phase measurement is considered to be the absolute frequency, i.e., relative to the direct current (DC).
· FFS: the physical layer procedures to enable the reporting of carrier phase measurements of multiple positioning frequency layers.

Subcarrier level reporting of phase is something totally different in our understanding and we suggest o discuss it separately.

	CATT
	Support

	Fraunhofer
	Agree that SC should be treated separately. Propose to refine the Nokia proposal a:
· The carrier phase measurements of multiple coherent positioning frequency layers can be considered for NR carrier phase positioning.
· Note: The frequency of a carrier phase measurement is considered to be the absolute frequency, i.e., relative to the direct current (DC).
· FFS: the physical layer procedures and required reporting.


	Samsung
	We are fine with the direction of the proposal. But suggest the following updates
· The carrier phase measurements of multiple frequencies can be considered studied for NR carrier phase positioning, where the multiple frequencies can be the frequencies of different carriers or the subcarriers within the same carrier.
· Note: The frequency of a carrier phase measurement is considered to be the absolute frequency, i.e., relative to the direct current (DC).
· FFS: the physical layer procedures to enable the reporting of carrier phase measurements of multiple frequencies.
· FFS: carrier phase measurement reporting.


	ZTE
	We prefer implement carrier phase measurement for the subcarriers within the same carrier, instead of in different carriers. Because the calibration of phase discontinuity between carriers is required while implementing CP measurement in different carriers. So we suggest revise the proposal as follows:
· The carrier phase measurements of multiple frequencies can be considered for NR carrier phase positioning, where the multiple frequencies can be the frequencies of different carriers or the subcarriers within the same carrier.
· Note: The frequency of a carrier phase measurement is considered to be the absolute frequency, i.e., relative to the direct current (DC).


	MTK
	1, it seems to us that to say “positioning frequency layers” is not needed. The original wording of “multiple frequencies” is okay, since the intention is to conduct the linear combination on the observed phases of some frequencies
2, For the linear combination of phases, which is what GNSS said wide-lane, narrow-lane, may also produce some impact. The coefficients may enhance the noise even though the generalized wavelength (after combination) becomes longer. We would like to do more analysis and make conclusion at next meeting
3, if the multiple frequencies are the frequencies of different carriers, we have similar concern as vivo that these carriers may not be measured simultaneously. If the multiple frequencies are the subcarriers within a same carrier, then the simultaneous measurement is feasible    

	Huawei, HiSilicon
	OK in general. The carrier phase measurements of multiple frequencies are helpful for the resolution of integer ambiguity.

The note is confusing. On one hand it reads “absolute frequency”, and on the other, it reads “relative to”. We suggest to remove it.

	CMCC
	We think that the carrier phase measurements on frequencies of different carriers and on frequencies of different subcarriers can be separately considered, as the intention and effect may be different. 
Regarding the frequencies of different carriers, or of different PFLs as suggested by companies, we share similar views with vivo that as in R16/R17, UE can only measure one PFL at a time, the performance gain may be marginal and should be further studied. 
We are fine with the that part regarding frequencies of different subcarriers, which may be helpful for resolving the integer ambiguity.

	Xiaomi
	Support in principle and suggest the following update to align with the legacy PRS positioning frequency layer.

· The carrier phase measurements of multiple frequencies can be considered for NR carrier phase positioning, where the multiple frequencies can be the frequencies of different carriers or positioning frequency layer or the subcarriers within the same carrier.
· Note: The frequency of a carrier phase measurement is considered to be the absolute frequency, i.e., relative to the direct current (DC).
· FFS: the physical layer procedures to enable the reporting of carrier phase measurements of multiple frequencies.


	Intel
	We share similar views as ZTE and support the version from ZTE, the feasibility of coherency between different frequency layers needs more study. Without this, we are not sure if reported phase measurements for different frequency layers can be meaningfully combined. 

	Ericsson
	We don’t agree with the proposal:
· Reporting the carrier phase of individual subcarriers means a potentially very large overhead.
Reporting the carrier phase of individual subcarriers does not add any information compared to reporting the center carrier phase and the estimate time-of-arrival of the reference signal. The carrier phase of an individual subcarrier can be reconstructed from the phase of the center carrier and the time-delay of the path. (The relative phase of two different subcarriers is proportional to the time-delay of the signal.)

	Qualcomm
	Agree with Nokia. Also agree with Ericsson that the value of individual subcarrier phase reporting is quite unclear

	Locaila
	Request for clarification:  
What’s the meaning of f0 in the FL’s answer to vivo ?  What does "..different carriers..." mean? Does this mean that the UE must have multiple RF front-ends and samples at multiple different f0 frequencies at the same time?  If so, single RF UE cannot perform any carrier phase operation. Is this view correct?

Our proposed text is.. 

· The carrier phase measurements of multiple frequencies can be considered for NR carrier phase positioning, where the multiple frequencies can be the frequencies of different carriers or the subcarriers within the same carrier.


	Sharp
	We share the views from Nokia and CMCC that different carriers and the subcarriers within the same carrier should be discussed separately.

	Philips 
	We agree with others that different carriers and the subcarriers within the same carrier should be discussed separately.

	IIT Kanpur, CEWiT 
	We see the benefit of studying the carrier phase measurement over multi frequency considering the different carriers or the subcarriers of the same carrier frequency. We also agree that if multiple frequencies are different carriers, then measuring the carrier phase over multiple frequencies simultaneously may not be possible. We agree with intent of the proposal but going ahead we may need to separate the discussion on the carrier and the sub carriers. This can be clarified as a Note or FFS. 

	Apple
	Given that we are “studying/considering” multiple frequencies/carriers of the same frequency, we are fine with the direction of the proposal.



Carrier phase differences and DL-AOD
Submitted Proposals:
· (Intel, R1-2209059[7]) Proposal 8:	Study carrier phase-based azimuth and zenith angles of departure measurement for the multi element transmit antenna array for the DL-AOD positioning method.
· (Samsung, R1-2209738[17]) Proposal 10: Study and evaluate the performance of carrier-phase difference measurement for estimating the angle of arrival at the UE.
· (Samsung, R1-2209738[17]) Proposal 11: Study and evaluate the performance of carrier-phase difference measurement for estimating the angle of departure at the UE or the gNB.
· (Sharp, R1-2209785[18]) Proposal 1: Do not consider the phase-difference measurements for DL-AoD.
· (NTT DOCOMO, R1-2209909[20]) Proposal 3: Phase difference-based DL-AoD is out of the scope in Rel-18 NR.
· (Qualcomm, R1-2209992[21]) Proposal 2: Study supporting Phase-Difference AoD.

FL Comments
A TRP may support the transmission of the same DL signals from multiple Tx antennas (or antenna panels), and/or the reception of the UL signals from a UE with multiple Rx antennas (or antenna panels). In this case, the carrier-phase difference may be used for positioning purpose. For example, the phase difference of UL SRS from a UE obtained from different Rx antennas of a TRP is commonly used for UL-AOA measurements, although the carrier-phase difference is not reported to the LMF. 
Currently, DL-AOD is estimated based on the RSRP measurements from different DL beams from a TRP. If NR carrier phase measurements are supported in Rel-18, the DL-AoD may be estimated and reported by a UE if a UE could have the capability to provide the carrier phase (or phaser-difference) of the DL PRS from different TRP Tx antennas.
The support of the DL-AOD with carrier-phase difference was discussed in previous meetings without a conclusion. One main concern is that DL-AoD is not explicitly included in the SI scope. In FL’s view, the use of the phase difference for supporting DL-AOD could be implicitly supported as long as the reporting of the carrier phase (or phaser-difference) from different TRP Tx/UE Rx antennas from UE to LMF are supported. In this case, it is up to LMF’s implementation on how to use them for positioning. The LMF may use the phase difference of different Tx antennas to first estimate the DL-AOD, and then use the DL-AOD for positioning, or the LMF may use the phase difference of different Tx antennas directly for positioning w/o first estimating the DL-AOD. In this case, there is no need to consider introducing new DL-AOD measurements.
[bookmark: _Toc111724347](Round 1) Question 3.3-1
Interested companies are invited to provide their views on the following options:
· Option 1: No further discussion on phase-difference DL-AoD, because DL-AoD is not in the scope of the SI.
· Option 2: Study and evaluate the phase-difference DL-AoD in the SI.
· Option 3: No further discussion of phase-difference DL-AoD. Instead, supporting a UE to report the phase-difference measurements of different TRP Tx antennas/antenna panels/antenna ports, together with the information related to the TRP antennas. Then, how to use the phase-difference measurements for positioning, with or without explicitly estimating DL-AoD, is up to the LMF’s implementation.

	Company
	comments

	Nokia/NSB
	No strong view but we are okay with Option 2. 

	CATT
	Option 3 to avoid the issue with the SI scope.

	Samsung
	Support Option 2.

	ZTE
	We prefer Option 1.

	Huawei, HiSilicon
	We support Option 3

	Xiaomi
	We prefer Option 3

	Ericsson
	We prefer Option 1.  Note the proposed phase-difference DL-AoD may potentially have large impacts and requirements in terms of phase coherency and assistance data etc.  Since it is not explicitly mentioned in the SI, we prefer to avoid this discussion.


	Qualcomm
	Support Option 2.
While DL-AoD is not explicitly listed in the SI scope, note that angle estimation is needed to compensate for the variation of PCO as a function of angle. A coarse angle estimation based on coarse position (from non-carrier-phase methods) may serve as a start, but this only gives GCS-based angle, whereas PCO compensation requires LCS-based angle. Thus, given the importance of DL-AoD to carrier-phase, and given the accuracy gains of phase-difference DL-AoD, we support Option 2. We agree that Option 3 will enable network to do phase-difference DL AoD, but it does not cover the case of UE-based DL-AoD. Regarding Ericsson’s comment about impacts on phase coherency and assistance data, we believe the impact will not be large on top of what is already required to support carrier phase.

	Locaila
	Option 2.
We have the same view as Qualcomm.

	LGE
	Prefer Option 1 

	IIT Kanpur,
CEWiT
	We prefer Option 2

	Apple
	Prefer Option 1


	


[bookmark: _Toc111724354]Phase-smoothed timing measurements
Submitted Proposals:
· (CATT, R1-2208983[6]) Proposal 4: Using carrier phase measurements to smooth existing timing measurements can be considered in Rel-18.
· FFS: The impact on the specification.
· (Fraunhofer, R1-2209534[14]) Proposal 4: 	Support phase based smoothing for DL-TDoA and UL-TDoA methods in Rel-18.
· Consider the signaling of the coherency transmission status to the UE (UE based positioning) or to the LMF to notify on the applicability of phase based smoothing. 
· (NTT DOCOMO, R1-2209909[20]) Proposal 1: The carrier phase measurement can be used to adjust the measurement results of timing-based measurements such as RSTD and RTOA.

FL Comments
In GNSS positioning, the use of the carrier phase measurements for smoothing pseudorange measurements is considered to be an effective way to improve the positioning performance, due to the small measurement noise of carrier phase measurements. For NR positioning, using carrier phase measurements to smother other timing measurements may improve the NR positioning accuracy. The advantage of the approach is that it can be implemented without the need to resolve the integer ambiguity in carrier phase measurements. But, the method requires the receiver to be able to track the phase of the carrier at least for a short period of time. The impact on the specification may be minimum in FL’s view, e.g., the UE may need to inform LMF that it has the capability to support the feature, and the LMF may trigger the UE to use the feature only when it is necessary, considering that it may require more processing power in UE to support the feature. 
[bookmark: _Toc111724355](Round 1) Proposal 3.4-1
· Using carrier phase information for smoothing exiting timing measurements for DL-TDOA, UL-TDOA and Multi-RTT can be studied in Rel-18 for UE-assisted and UE-based positioning.
· FFS: the impact on the specification.

	Company
	comments

	Nokia/NSB
	Okay but we question the specification impact. 

	CATT
	Support. Our understanding for specification impact is very small.

	Fraunhofer
	Support

	Samsung
	We are fine with direction of the proposal, but suggest to change “smoothing” to “refining”

	Huawei, HiSilicon
	We do not support the proposal. We should first study the carrier phase measurements in Rel-18, and the phase-smoothed time measurements can be studied in further release.

	Xiaomi
	We are open to study it.

	Intel
	OK, and prefer the wording suggestion from Samsung.

	Ericsson
	Ok

	IIT Kanpur, CEWiT 
	We support the proposal. 


	Apple
	Okay




Other measurements
Submitted Proposals:
· (Xiaomi, R1-2209293[10]) Proposal 5: Study to report the Doppler parameters combined with the carrier phase value, or to report the adjusted carrier phase value based on Doppler parameters. 
· (Lenovo, R1-2209395[12]) Proposal 7: Time-varying residual CFO has a negative impact on the transmission and reception phase of PRS(DL)/SRS(UL), which affects the accuracy of the carrier phase measurements, and additional residual CFO tracking, and compensation techniques could be studied for the carrier phase positioning case.
· (Fraunhofer, R1-2209534[14]) Proposal 6: 	In case of carrier aggregation using several bandwidth limited signals multipath effects causing phase ripple per BWP shall be taken into account for the evaluation of the performance of carrier phase measurements.
· (Samsung, R1-2209738[17]) Proposal 12: Study and evaluate the use of the UEs mobility to create a virtual antenna array.
· (Ericsson, R1-2210177[23]) Proposal 6	Study different ways for phase offset estimation and phase alignment, including joint position and phase offset estimation using multiple UEs.

FL Comments
In [10], it was proposed to study the reporting of the Doppler parameters. In [12], it is proposed to study the residual CFO tracking.  In [14], it was proposed the study the impact of multipath if carrier aggregation of using several BWPs, which is out-scape of the SI in FL’s view. In [12], it was proposed to study the impact of the UE mobility create a virtual antenna array. In [23], it was proposed to study different ways for phase offset estimation and phase alignment. In FL’s view, all these proposals could have some potential for improving the carrier phase positioning performance. However, due to the time limitation of the study item, we may have the difficulty to study of them.
(Round 1) Question 3.5-1
· Interested companies are encouraged to provide their views on following questions:
· Q1: what is your view to “Study to report the Doppler parameters combined with the carrier phase value, or to report the adjusted carrier phase value based on Doppler parameter”?. 
· Q2: what is your view to study “additional residual CFO tracking, and compensation techniques for the carrier phase positioning case”?
· Q4: what is your view to “Study and evaluate the use of the UEs mobility to create a virtual antenna array”?
· Q5: what is your view to “Study different ways for phase offset estimation and phase alignment, including joint position and phase offset estimation using multiple UEs”?

	Company
	comments

	Samsung
	Fine to study these techniques. Proponents to show benefit to justify.

	ZTE
	We prefer not to study about Doppler and CFO (Q1, Q2), because in our simulation, the positioning error caused by CFO is negligible. 

	Huawei, HiSilicon
	Q1: We think reporting the Doppler parameters directly is not feasible since it may change rapidly because of the movement between UE and gNB.
Q2: low priority
Q4: We think in this release we do not need to study this topic.
Q5: It appears to be an implementation issue.

	Xiaomi
	For Q1, if the Doppler spread is very large, the carrier frequency will be different at UE side and TRP side. Thus the wavelength will be not accurate. In this case, the carrier phase measured at UE side may be incorrect. If the carrier phase can be adjusted based on Doppler spread or reported together with Doppler spread, the carrier phase will be much more accurate. 

	Locaila
	This is an important issue in particular for V2X application.  
However, considering the progress of current SI, we think RAN1 may not have proper time to discuss this issue in this release term. 
We would like to delay for next release for intensive discussion on the aspect of doppler.

	
	

	
	







NR carrier phase positioning techniques and physical layer procedures
In this section, we focus on the NR carrier phase positioning techniques that may have potential impact on the physical layer procedures.
[bookmark: _Toc111724344]Differential carrier phase positioning with PRU

	Agreement (RAN1#109e)
· In addition to the evaluation assumptions of NR Rel-16/17, the following error sources may also be considered during the evaluation:
· Phase noise (FR2)
· CFO/Doppler
· Oscillator-drift
· Transmitter/receiver antenna reference point location errors
· Transmitter/receiver initial phase error
· Phase center offset
· Note: Other error sources are not precluded
· Note: UE mobility can be considered in the evaluations
· Note: one or more error sources can be evaluated jointly
Note: companies should provide the error sources model with their evaluations
Agreement (RAN1#109e)
The use of PRUs to facilitate NR carrier phase positioning can be evaluated in the SI by RAN1.




Submitted Proposals:
· (Huawei, R1-2208455[1]) Proposal 2: The double differential carrier phase and multi-frequency carrier phase should be considered for carrier phase positioning.
· (Nokia, R1-2208736[3]) Proposal 11: RAN1 to study the CP positioning performance impact by introducing PRU for UE-assisted positioning, and identify the necessary physical layer procedure including aligning measurements by PRU and target UE.
· (Nokia, R1-2208736[3]) Proposal 12: RAN1 to study/identify the CP positioning performance impact by introducing PRU for UE-based positioning, and identify the necessary physical layer procedure.
· (CATT, R1-2208983[6]) Proposal 1: Double differential technique with PRU should be supported for NR carrier phase positioning.
· (Intel, R1-2209059[7]) Proposal 4: Study initial phase calibration of the TX generators for the reference and target TRPs by using the RSTD measurements obtained with the Positioning Reference Unit (PRU) with known coordinates. 
· (Intel, R1-2209059[7]) Proposal 11: Study initial phase calibration of the RX generators for the reference and target TRPs by using the measurements obtained with the Positioning Reference Unit (PRU) with known coordinates.
· (Xiaomi, R1-2209293[10]) Proposal  4: Study PRU assisted carrier phase measurement for phase error mitigation.
· (CMCC, R1-2209343[11]) 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.
· (Lenovo, R1-2209395[12]) Proposal 6: Support the use of Positioning Reference Units (PRUs) to help mitigate the following carrier phase errors:
· To assist in providing an upper and lower bound on the integer ambiguity (IA) based on the selection of PRUs in the vicinity of the target-UE, which reduces IA search space.
· Initial phase offset errors
· (InterDigital, R1-2209489[13]) Proposal 12: Support PRU for NR carrier phase-based positioning.
· (Locaila, R1-2209543[15]) Proposal 2) RAN1 should study the traffic burden related to oscillator accuracy when employing the proposed double difference method.
· (Locaila, R1-2209543[15]) Proposal 3) RAN1 should study the alternative method for carrier phase synchronization efficient than double difference method.
· (IIT Kanpur, R1-2209546[16]) Proposal 2: PRU should be used to remove the measurement error across TRPs for at least synchronization and clock errors in TRP for carrier phase-based measurements.
· (Samsung, R1-2209738[17]) Proposal 3: RAN1 to study how to provide PRU or PRU-like functionality under existing system.
· (LGE, R1- 2209805[19]) Proposal 3: Study whether and how to utilize PRU for performing double differencing at least for UE-assisted positioning method.

FL Comments
It is well known that in order to support cm-level carrier phase positioning, the time/frequency synchronization errors contained in the carrier phase measurement have to be eliminated. In GNSS carrier phase positioning, the double differential technique with the reference receiver(s) located at the known location(s) are commonly used to support GNSS carrier phase positioning. Similarly, for supporting NR carrier phase positioning, it is expected that there is a need to implement the double differential technique, which requires to have one or more PRUs located at known locations to either receive DL PRS signals or transmit UL SRS signals. In RAN1#109e, RAN1 agreed to evaluate the use of PRUs to facilitate NR carrier phase positioning in the SI. Based on the evaluation and analysis presented in this meeting, the majority of companies (e.g., [1][3][6][7][10][11][12][13][16][17][19]) consider it is necessary to support the use of PRU for supporting double differential carrier phase positioning. One company has raised the concern about the traffic burden when employing the double difference method by introducing a new architecture for inter-TRP time/frequency synchronization [15]. In FL’s view, although supporting perfect time/frequency synchronization between TRPs is highly desirable, the study of the new architecture for time/frequency synchronization is clearly not in the scope of this SI [24].

[bookmark: P4](H) Proposal 4.1-1
Capture the following TP into TR 38.859 (Section 6.3.1):
· The use of the positioning reference unit (PRU) to facilitate NR carrier phase positioning has been evaluated during the study item. Based on the evaluation results, the double differential technique with PRU is beneficial and should be considered for NR carrier phase positioning.

	Company
	comments

	Nokia/NSB
	Okay in principle but should say that PRU is beneficial for NR carrier phase as many companies showed in their evaluation results. Many of the agreed error sources are clearly mitigated or removed from CP via PRU. 

	CATT
	Support. Also fine with Nokia’s suggestion to add “PRU is beneficial for NR carrier phase positioning”.

	Samsung
	We should include methods to mitigate synchronization errors, so prefer to reword as:
· The solutions of synchronization errors for NR carrier phase measurements have been investigated during the study item. Some of them are listed in the following:
· The use of the positioning reference unit (PRU) to facilitate NR carrier phase positioning using the double differential technique, FFS the determination of PRU.
· The use of round-trip-carrier phase measurement
In addition, we have question on using the term “PRU”. The PRU was discussed in rel17 but not specified anything at least in RAN1, not sure if the PRU concept is clear. We somehow know what it is but not good enough for potential technical discussion. For example, if it’s just a device? Or a device can provide certain ‘information’ under certain condition? it should be clarified before we directly use the term PRU. Because for us, the “PRU” is more like a status of device rather than a forever identity.  

	ZTE
	Support. Double differential technique with PRU can eliminate the side effect of some error sources on positioning performance.

	MTK
	Similar view as the above companies that using “is beneficial” seems better

	CMCC
	Support

	Xiaomi
	Support 

	Intel
	Support in principle; and would like to second the suggestion from Nokia to change to “the double differential technique with PRU is beneficial for NR carrier phase positioning”. 

	Ericsson
	We do not agree with the suggestion to conclude that “PRU is beneficial for NR carrier phase positioning”.  Based on the results presented in the TDocs referenced above, we don’t see the use of PRUs can effectively overcome some of the error sources or a combination of error sources.  The following are some observations we found in the referenced TDocs:

· In [1], the following observations can be found:
· Observation 3: The ARP error deteriorates the carrier phase positioning accuracy even the double differential method (with PRU) is used.
· Observation 4: Double differential carrier phase positioning technique can eliminate some influence of PCO.
Note that Results presented in Table 6 of [1] which take into account a combination of multiple error factors shows that target requirements are not met for most of the cases simulated even with PRUs.
· In [17], the following observation can be found:
· Observation 8: With larger phase error and ARP error, the performance is degraded severely. 

· In [3], the results presented are preliminary as mentioned in [3].  The impact of error sources and in particular the impact due to a combination of error sources does not seem to be taken into account in the results of [3].

· In [19], the results reported seem to be under ideal assumptions where error sources nor combination of error sources is not taken into account (see Appendix A which contains Sim assumptions for results presented in Section 3).

· In [6], the following observation/proposal can be found:
· Observation 13: The carrier phase positioning accuracy will degrade when ARP error increases.
· Proposal 6: The impact of TRP ARP location error should be mitigated in order to improve the carrier phase positioning accuracy.

· In [15], the following observation is made:
· (Observation 2) Considering the accuracy of commercially available oscillators and the size of phase offset information necessary to broadcast, the proposed double difference method may cause heavy traffic burden to 5G NR system. 

· In [10, 11, 12, 13, 16], there are no evaluation results.  These TDocs mostly include study proposals.

Based on these observations, it is premature to agree this proposal.  Further study is needed to access performance of double differential technique with PRU in the presence of error sources, and particularly in the presence of a combination of error sources.


	Qualcomm
	Support, and agree with Nokia that PRU is beneficial for carrier phase. We don’t understand the Ericsson counter-argument, which seems to be summarizable as (a) PRU does not eliminate all the error sources, and (b) PRU could cause overhead. To (a), note that PRU does completely eliminate a very large source of error, namely the lack of phase-synchronization between TRPs. To (b), note that even in the worst case with one PRU report for every target UE report, it is still just doubling the positioning reporting, which could well be worth the positioning accuracy gains in certain cases, also in reality the overhead will be often far less than this worst case.

	Locaila
	We disagree on this proposal. 

We demonstrate with mathematical analysis and experiments in [15] that the double difference method using PRU can cause a serious overload on the 5G NR network. Therefore, the network overload issues should be considered together in this study.

Due to oscillator instability, LMF may have to broadcast calibration information as frequently as the PRS cycle because the initial phase offset of gNB/TRP may vary each time the PRS is transmitted.

In our view, the use of double difference solutions in 5G NR is a very expensive, inefficient, and practically impossible way to operate. We need to study more on the pros and cons of the proposed method with comparing the alternative solutions.


	LGE
	Support and fine with Nokia’s suggestion 

	IIT Kanpur, CEWiT 
	We support the proposal. 




[bookmark: _Toc111724348]Integer Ambiguity
	Agreement (RAN1#109e)
The impact of integer ambiguity on NR carrier phase positioning and potential solutions to resolve the integer ambiguity will be studied in the SI.



Submitted Proposals:
· (Nokia, R1-2208736[3]) Proposal 8: RAN1 to study physical layer procedure to support virtual wavelength method to address integer ambiguity problem. 
· (China Telecom, R1-2208774[4]) Proposal 4: support multiple carrier phase measurements, because it is benefit for integer ambiguity removal, and contribute to performance improvement of distance estimation.
· (OPPO, R1-2208801[5]) Proposal 2: Study using carrier phase measurement of multiple carrier frequencies to resolve the issue of integer ambiguity.
· (Intel, R1-2209059[7]) Proposal 5: Study carrier phase integer ambiguity resolution using subcarrier measurements within the DL PRS signal bandwidth.
· (Intel, R1-2209059[7]) Proposal 6: For carrier phase integer ambiguity resolution, a multi-step process to identify coarse timing based on TOA estimate from processing multiple subcarriers and then using CPP for resolution of the fractional part of the carrier wavelength can be considered as a baseline approach.
· (ZTE, R1-2209215[9]) Proposal 2: The scope of integer N should be configured / reported for carrier phase based positioning.
· (ZTE, R1-2209215[9]) Proposal 5: The scope of integer N in OTDOA could be configured based on the measurement uncertainty.
· (ZTE, R1-2209215[9]) Proposal 6: The scope of integer N in AOA/AOD could be configured based on the angle measurement uncertainty.
· (ZTE, R1-2209215[9]) Proposal 7: The scope of integer N for different carrier could be selected based on the frequency feature.
· (Xiaomi, R1-2209293[10]) Proposal 1: Study multi-carrier based carrier phase positioning as the potential solution for integer ambiguity based on UE capability.
· (CMCC, R1-2209343[11]) 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.
· (IIT Kanpur, R1-2209546[16]) Proposal 3: For integer ambiguity detection, at least the following options should be studied:
· Option 1: based on the TOA obtained from the phase-difference of multiple subcarriers within a carrier bandwidth
· Option 2: based on one single or the combination of existing measurements (e.g., RSTD, RTOA, etc.)
· Option 3: based on the slope of the carrier phase measurement with respect to frequency
· Option 4: combination of above approaches 
· (Samsung, R1-2209738[17]) Proposal 5: Study using legacy-based positioning measurements to estimate the number of integer cycles between the gNB and the UE. 
· (Samsung, R1-2209738[17]) Proposal 6: Study using multiple carriers to determine a phase of a virtual carrier with a lower virtual frequency.
· (Samsung, R1-2209738[17]) Proposal 7: Study using the slope of the carrier phase measurement relative to frequency with multiple sub-carrier measurements to eliminate the integer ambiguity.
· (Sharp, R1-2209785[18]) Proposal 2: Subcarrier-level phase difference report can be discussed as the solution for the integer ambiguity issue.
· (LGE, R1- 2209805[19]) Proposal 5: Method for integer ambiguity resolution should be subject for further studies.
· (MediaTek, R1-2210099[22]) Proposal 3-1: UE may optionally report the uncertainty range of the integer cycle number for the measurement (for example, DL-RSTD measurement)
· (MediaTek, R1-2210099[22]) Proposal 3-2: RAN1 to further study the feasibility of the detection of uncertainty range of the integer cycle number and the reporting of the uncertainty range

FL Comments

In RAN1#109e, it was agreed that “the impact of integer ambiguity on NR carrier phase positioning and potential solutions to resolve the integer ambiguity will be studied in the SI.” Based on the contributions, the following different solutions have been studied: 
· Based on the carrier phase measurements from multiple carrier frequencies (e.g., [1][3][4][5][7][10][11][16][17][18]). There are different ways to utilize carrier phase measurements from multiple carrier frequencies. One of them, which is commonly used in GNSS carrier phase positioning, is to use the carrier phase measurements from multiple carrier frequencies, the virtual carrier phase measurements can be created, which have much longer wavelengths, and thereby, much easier and more reliable solutions for integer ambiguity. There can be other approaches to utilize the carrier phase measurements from multiple carrier frequencies, e.g., by exploring the relationship between the integer ambiguities of the carrier phase measurements of different carrier frequencies. In general, how to use the carrier phase measurements from multiple carrier frequencies for reliable solution is mainly the implementation issue; 
· With the combination of the legacy positioning measurements, e.g., RSTD, RTOA, to first determine the approximate UE’s position and search range of the integer ambiguities, and the search for the best integer ambiguities based on certain cost function (e.g., [11][16][17][22]). Similar approaches are also commonly used in GNSS carrier phase positioning;
· Using the phase-difference of the subcarriers to first determine the slop/TOA and the search range of the integer ambiguities (e.g., [16][17][18]).
In addition, it is proposed in [9][22] to report the search range of the integer ambiguity based on the UE/TRP measurement quality. 

[bookmark: P5](H)(Round 1) Proposal 4.2-1
Capture the following TP into TR 38.859 (for Section 6.3.1):
· The solutions of integer ambiguity for NR carrier phase measurements have been investigated during the study item. Some of them are listed in the following:
· The use of the virtual carrier phases, which are obtained based on the linear combination of the carrier phase measurements of multiple frequencies (or positioning frequency layers); 
· The use of the estimated TOA or slop based on the phase-difference of multiple subcarriers;
· The use of the existing positioning measurements (e.g., RSTD, RTOA)
· The use of the calculated UE position based on existing positioning methods
· The combination of the above methods.

· The evolution results for the effectiveness of these solutions are presented in Section 6.3.2.

	Company
	comments

	vivo
	Based on my understanding, the above methods are used to get coarse cycles number, and we still need to do integer search within a certain range around the coarse cycles number. But there is no doubt that the better the value of the coarse cycle, the more helpful the search will be.


	Nokia/NSB
	Okay in principle. Suggest to change the first sub-bullet to say positioning frequency layers

	CATT
	Support. 

	Samsung
	Fine in principle

	ZTE
	We are wondering on the virtual carrier phases from multiple frequencies. For different PFL, there is a random phase offset between two PFL. Hence, the virtual carrier phases may be incorrect.

	Huawei, HiSilicon
	Should “slope based on the phase-difference of multiple subcarriers” be interpreted as negative ToA? 

	MTK
	1, for second subbullet  “estimated TOA or slop”    slope
2, to resolve the integer ambiguity, in our view, it can be done at “measurement level” and “position calculation level”
     At measurement level, this is item 2 and 3
     At position calculation level, it should be through search by defining a cost function. The linear phase combination, as GNSS said wide-lane and narrow-lane, and as some companies said here “virtual carrier”, may also need to perform the search (brute force). So we suggest item 1 to revise the wording

The search during position calculation. Further, the use of the virtual carrier phases, which are obtained based on the linear combination of the carrier phase measurements of multiple frequencies may have the potential to reduce the search

3, in our investigation, the integer ambiguity search/estimation at measurement level could assist the search at position calculation level, for example, by providing a smaller uncertainty range for LMF to search. I am wondering whether FL could also capture this?


	CMCC
	We are generally fine with the TP.
Similar views as companies that for the “multiple frequencies” of the 1st sub-bullet, it should be clearer, does it multiple PFLs, or multiple subcarriers, etc?

	Xiaomi
	Fine with this proposal

	Intel
	OK in general, but as pointed out by ZTE, we think clarification of “multiple frequencies” would be necessary here. In our view, this includes at least use of measurements for different subcarriers within a carrier, but not yet sure of feasibility/usefulness of different frequency layers unless phase coherency can be assumed.
Also, a small typo: “slop” should be “slope”. 

	Ericsson
	From an information point of view, TOA (including a clock offset) is equivalent RSTD, RTOA. Hence we can merge bullets 2 and 3:

· The use of the estimated TOA or slope of  based on the phase-difference of multiple subcarriers. The use of the existing positioning measurements (e.g., RSTD, RTOA).

Typo: TOA or slope based

	Locaila
	Ok

	Philips
	In general, we support the proposal but we share ZTE's concern about virtual carrier phase.

	LGE
	We are generally fine with the proposal, but have similar view with other companies that “multiple frequencies” in the first sub-bullet should be modified for more clear meaning. This issue can be discussed after the discussion in proposal 3.2-1 is stabilized. 

	IIT Kanpur, CEWiT 
	We support the proposal. 

	Apple
	Fine with proposal




(Round 1) Proposal 4.2-2
· Further study the impact of the solutions of integer ambiguity on the specification, which includes, but not limited to, the following:
· Reporting of the TOA or slop obtained from the phase-difference of multiple subcarriers
· Reporting of the search range of the integer ambiguity from UE/TRP
· Reporting of the carrier phase measurements together with the legacy positioning measurements 

	Company
	comments

	CATT
	Okay to further study

	Samsung
	Fine in principle

	ZTE
	Besides the above reporting elements, LMF can also configure the integer ambiguity to UE while implementing CPP. So we suggest revise the proposal as follows:
· Further study the impact of the solutions of integer ambiguity on the specification, which includes, but not limited to, the following:
· Reporting of the TOA or slop obtained from the phase-difference of multiple subcarriers
· Reporting of the search range of the integer ambiguity from UE/TRP
· Reporting of the carrier phase measurements together with the legacy positioning measurements 
· LMF Configure the integer ambiguity between the TRP and target UE


	Xiaomi
	We want to clarify the motivation for reporting of the search range of the integer ambiguity. In my understanding, if it is UE-assisted positioning, UE report the carrier phase of multiple frequencies and LMF will perform the searching. And if it is UE based positioning, UE will perform the searching and calculate the position of UE, and it is also unnecessary to report the search range.

	Intel
	OK. 
A small typo: “slop” should be “slope”.

	Locaila
	Ok

	Philips
	Support

	LGE
	Fine with further study

	IIT Kanpur, CEWiT 
	We are okay with further study. 

	Apple
	Fine with proposal




[bookmark: _Toc111724350]Multipath for Carrier Phase Positioning
	Agreement (RAN1#109e)
· The impact of multipath for the carrier phase positioning will be evaluated during the SI 
· The methods of mitigating the impact of multipath for the carrier phase positioning will be studied during the SI, if it is considered to be necessary after the evaluation.

Agreement (RAN1#110)
· Further evaluate the following multipath mitigation methods for the carrier phase positioning, which include, but are not limited to, the following:
· The methods of estimating the carrier phase of the first path
· Note: Both time-domain and frequency-domain methods can be considered
· LOS/NLOS/ Multi-path indication for the carrier phase measurements for improving the accuracy of the position calculation
· Rel-17 LOS/NLOS indicator can be used as the starting point
· measurements of the first path and additional paths
· E.g. carrier phase measurements, timing measurements
· other channel information, such as RSRP/RSRPP, CIR/CFR, etc.



Submitted Proposals:
· (vivo, R1-2208650[2]) Proposal 4:	If carrier phase positioning is not a standalone positioning method, the carrier phase measurement can share existing LoS indication with existing positioning methods.
· (vivo, R1-2208650[2]) Proposal 5:	For multipath mitigation, the carrier phase measurement in the frequency domain with multipath mitigation（option D）can be adopted.
· (Nokia, R1-2208736[3]) Proposal 7: RAN1 to study methods for identifying independent taps and/or methods to aid a positioning receiver to determine and report measurements of independent channel taps that correspond to different wireless propagation paths.
· (CATT, R1-2208983[6]) Proposal 3: For the indication of LOS/NLOS for Rel-18 NR CPP, the LOS/NLOS indication in Rel-17 can be the starting point.
· CATT, R1-2208983[6]) Proposal 9: The candidate information in the measurement reporting for carrier phase positioning may include:
· Measurement quality indications, which include one or a combination of LOS/NLOS indicator, Rician factor, SINR and variance of CPP measurement.
· (Intel, R1-2209059[7]) Proposal 1: Study LOS/NLOS links classification for the carrier phase measurements to improve the accuracy of the carrier phase positioning methods.
· As a starting point, consider use of Rel-17 LOS/NLOS indicator reporting for NR carrier phase positioning methods.
· (Xiaomi, R1-2209293[10]) Proposal  6: Support the carrier phase for first path and additional path, and to report the likelihood of LoS path by LoS/NLoS indicator for each path carrier phase.
· (CMCC, R1-2209343[11]) Observation 2: By estimating the first path, the carrier phase measurement in time domain can help suppress the impact of multipath.
· (InterDigital, R1-2209489[13]) Proposal 11: Study the condition under which carrier phase should be measured and reported based on e.g., 
· LOS/NLOS value
· RSRP
· (Fraunhofer, R1-2209534[14]) Proposal 1: 	The carrier phase shall be determinable for different parts of the CIR , wherein each part may represent a path related to a multipath cluster reporting of the channel impulse response and shall be measured in the delay domain.
· (Fraunhofer, R1-2209534[14]) Proposal 2: 	Support reporting the phase measurements from the delay domain for the first and additional paths (N-path reporting for the phase).
· (Fraunhofer, R1-2209534[14]) Proposal 3:	Consider one or more of the following options for the delay domain phase measurement: 
· Option 1: The first path and N-path reporting is extended by a phase value for each reported path
· Option 2: A magnitude and phase of the complex valued correlation value associated to the path is reported. 
· Option 3: The full complex valued CIR for a given length is reported.
· Option 4: Relevant parts of the complex valued CIR are reported.
· (Samsung, R1-2209738[17]) Proposal 9: Study the condition for applying CPP method based on the NLOS and multi-path including first path detection.
· (Ericsson, R1-2210177[23]) Proposal 2	Any definition of carrier phase measurements should consider the aspect of multipath propagation.  i) One option is to assume that the measurement is for the first path. ii) Another option is to define carrier phase measurements for additional paths.

FL Comments
The performance of the carrier phase positioning is expected to be impacted by multiple factors as other positioning methods. In RAN1#109e, it was agreed to evaluate the impact of multipath for the carrier phase positioning, and study the methods of mitigating the impact of multipath for the carrier phase positioning.
Based on the contributions submitted in this meeting, many companies have studied the multipath mitigation for NR carrier phase positioning (e.g., [2][3][6][7][10][11][12][13][14][17][23]). Different approaches were also proposed for multipath mitigation, e.g., identify/separate the first path from the other paths (e.g., [2][3][10][11][14][17][23], using LOS/NLOS indication (e.g., [2][3][6][7][10][11][13][17]), as well as reporting additional channel information ([7][12][15]).

[bookmark: _Toc111724351][bookmark: P6](H)(Round 1) Proposal 4.3-1
Capture the following TP into TR 38.859:
· 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.

	Company
	comments

	InterDigital
	Support

	Nokia/NSB
	We are not sure this is needed. Clearly multipath plays a role in all positioning methods and this is well known. What do we gain by adding this to the TR? 

	CATT
	Support

	Samsung
	Suggest to add multi-path indication
· The impact of multipath/NLOS on NR carrier phase positioning is evaluated during the study item. Based on the study, it is concluded that it is necessary to consider multipath mitigation or indication for NR carrier phase positioning.


	ZTE
	Support. We propose modify the description:
The impact of multipath/NLOS on NR carrier phase positioning is evaluated during the study item and multipath/NLOS deteriorate the performance of carrier phase positioning.  Based on the study, it is concluded that it is necessary to consider multipath mitigation for NR carrier phase positioning.


	MTK
	The sentence is okay for us as the observation. (similar case at sidelink POS for the increasing BW to improve accuracy for all cases)

	CMCC
	The intention of this TP is not quite clear, as of course multipath/NLOS will impact the performance. Basically, it would be better if we can capture something in TR like how many companies provide evaluations on mitigating multipath/NLOS on carrier phase positioning, and performance improvements with respect to solutions do not apply enhancements are observed. 
But similar as the situation as what we have agreed in yesterday’s online for SL positioning, if companies are fine with the TP, we can live with this general observation.

	Xiaomi
	Support and prefer Samsung’s version.

	Intel
	Support.

	Ericsson
	Ok.  We tend to agree with CMCC comment, that it is better to capture the evaluation results and the observations related to the evaluation results in the TR instead of this statement.

	Qualcomm
	Same view as Nokia. Further, we think that just timing based methods report measurements based on earliest detected path, similarly, reporting phase measurement of the earliest detected path will be sufficient to address this issue. 

	Locaila
	Ok

	Philips
	Support

	LGE
	Similar view with CMCC and Ericsson. It would be better to capture the evaluation results related to multipath impact. 

	IIT Kanpur, CEWiT 
	We support the proposal. 

	Apple
	Fine with proposal




[bookmark: P7](H)(Round 1) Proposal 4.3-2
Capture the following TP into TR 38.859:
· The methods of mitigating the impact of multipath for the carrier phase positioning are studied during the study item. Based on the study, the following candidate methods of multipath mitigation are suggested for further consideration:
· The identify and separate the first path and other paths in time-domain/CIR
· The 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 reporting can be considered as a starting point, e.g., sharing of the indicator
· The report of other channel information, such as RSRP/RSRPP/SINR, CIR/CFR, etc.
· FFS: The impact of the candidate methods on the specification.

	Company
	comments

	InterDigital
	We propose to remove the revise the note as follows since how LOS/NLOS indicator can be used for phase measurement is not clear yet.
Note: Rel-17 LOS/NLOS indicator reporting can be considered as a starting point, e.g., sharing of the indicator

	Nokia/NSB
	Support. 

	CATT
	Support

	Fraunhofer
	Okay in principle; remove /SINR, CIR/CFR, etc.

	Samsung
	Fine in principle.
We would like to add the multipath indication here as one of the mitigation methods:
Identification and reporting of the multi-path status

	ZTE
	From our perspective, the second bullet concerning the report of the additional paths’ carrier phase shouldn’t be considered, because there’s no simulation result show that the carrier phases of additional paths can improve the CPP performance. So the proposal could be revised as follows:
· The methods of mitigating the impact of multipath for the carrier phase positioning are studied during the study item. Based on the study, the following candidate methods of multipath mitigation are suggested for further consideration:
· The identify and separate the first path and other paths in time-domain/CIR
· The 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 reporting can be considered as a starting point, e.g., sharing of the indicator
· The report of other channel information, such as RSRP/RSRPP/SINR, CIR/CFR, etc.
· FFS: The impact of the candidate methods on the specification.


	MTK
	For the first subbullet, The identify and separate the first path and other paths in time-domain/CIR, we don't need to talk about time-domain/CIR since it is related to implementation. We also evaluate using high resolution receiver (MOE detector in our paper) to estimate the phase corresponding to first path in frequency domain. So let it be determined by implementation. Then we don't think the first subbullet is needed

	CMCC
	Support

	Xiaomi
	Fine, and also suggest to remove “e.g., sharing of the indicator”, and “/SINR, CIR/CFR”

	Intel
	Support.

	Ericsson
	Ok.  Remove ‘The’ in the first bullet:  (i.e., ‘The identify and separate’ -> ‘Identify and separate’).

	Locaila
	Ok

	Philips
	Support

	LGE
	We have similar view with ZTE. We are not sure how much gain can be achieved with additional path reporting. 

	IIT Kanpur, CEWiT 
	These four bullets are fine but other methods should not be precluded, we suggest to delay this agreement for the next meeting.

	Apple
	OK



[bookmark: _Toc111724352]Antenna Phase Centre Offsets
	Agreement (RAN1#109e)
· In addition to the evaluation assumptions of NR Rel-16/17, the following error sources may also be considered during the evaluation:
· Phase noise (FR2)
· CFO/Doppler
· Oscillator-drift
· Transmitter/receiver antenna reference point location errors
· Transmitter/receiver initial phase error
· Phase center offset
· Note: Other error sources are not precluded
· Note: UE mobility can be considered in the evaluations
· Note: one or more error sources can be evaluated jointly
· Note: companies should provide the error sources model with their evaluations

Agreement (RAN1#110)
In the evaluation of NR carrier phase positioning, the following the UE/TRP antenna phase center offset (PCO) model can be considered as the starting point: 

dPCO =  a * dPhi + w							
			where	
· a is the scale factor, a=[0, 1, 3]
· FFS: other values
· dPhi is the direction difference (in degrees):
· Example 1, dPhi is the difference between the true and the calculated (or measured) directions between a transmitter (UE/TRP) and a receiver (TRP/UE).
· Example 2: dPhi is the direction difference between one UE to two TRPs, or between one TRP to two UEs.
· w is 0 or a random variable uniformly distributed within [-2, +2], or [-5, +5], or [-X, +X] degrees
· FFS: value of X or left up to companies
· Note: the above model is valid only when absolute value of dPhi < Y degrees
· FFS: value of Y or left up to companies




Submitted Proposals:
· (Nokia, R1-2208736[3]) Proposal 9: RAN1 needs to study antenna phase center offset impact on the carrier phase positioning accuracy and identify potential solutions.
· (Nokia, R1-2208736[3]) Proposal 10: RAN1 should study the impacts and potential mitigation techniques of antenna phase center offset on PRU transmissions for UL CP.
· (Samsung, R1-2209738[17]) Proposal 8: Study methods to mitigate the effect of the phase centre offset, e.g., measuring carrier phase of 3 gNBs with rays that are sufficiently close in the spatial domain at the UE.
· (Ericsson, R1-2210177[23]) Proposal 8	Study variations in phase offset due to angle of departure and angle of arrival and methods to mitigate them.

FL Comments
In RAN1#109e, it was agreed to study the impact of antenna phase center offset on the carrier phase positioning accuracy. In RAN1#110, the UE/TRP antenna phase center offset (PCO) model was agreed to the evaluation. In this meeting, multiple companies propose further study the methods for mitigating the impact of the antenna phase center offset [3][17][23]. For mitigating the impact of the antenna phase center offset, there is a need for RAN1 to discuss whether the PCO mitigation will depend on the implementation, such as the calibration of the antenna phase center, etc., or there is a need to consider the support of PCO mitigation in the specification.
(Round 1) Question 4.4-1
· Interested companies are encouraged to provide their responses on the following questions:
· Q1: Should RAN1 further discuss the methods for mitigating the impact of antenna phase center offset in this SI, or should it be left to the implementation?
· Q2: If you consider RAN1 further discuss the methods for mitigating the impact of antenna phase center offset in this SI, then what is your view on the following options:
· OP1: Study the impacts and potential mitigation techniques of antenna phase center offset on PRU transmissions for UL CP” in this SI
· OP2: Study methods to mitigate the effect of the phase centre offset, e.g., measuring carrier phase of 3 gNBs with rays that are sufficiently close in the spatial domain at the UE
· OP3: Study variations in phase offset due to angle of departure and angle of arrival and methods to mitigate them

	Company
	comments

	Nokia/NSB
	Q1: yes we should further discuss. 
Q2: Support OP1 and OP3. 

	Samsung
	Q1: Prefer to study in this SI. Not clear if this can be resolved by implementation alone.
Q2: We are open to study various options.

	Intel
	Q1: Yes
Q2: Support OP1 and OP3. 

	
	

	
	



[bookmark: _Toc111724360]RTT carrier phase positioning
Submitted Proposals:
· (Fraunhofer, R1-2209534[14]) Proposal 5: Support double difference method for phase based positioning enhancements utilizing PDoA measurements for RTT measurements without synchronization of the UE and the TRP.
· (Samsung, R1-2209738[17]) Proposal 4: Study the use of round-trip carrier phase measurement to eliminate UE and gNB clock biases. The round trip carrier phase measurement is the sum of the DL carrier phase measurement at the UE and the UL carrier phase measurement at the gNB.
· (LGE, R1-2209805[19]) Proposal 4: Consider nested RTT method for the carrier phase measurement based positioning 

FL Comments
For the RTT positioning method, it is assumed that the impact of UE and gNB clock biases can be removed by the use of the UE/TRP Rx-Tx time differences to obtain the round-trip time. However, the frequency offset and the Doppler may still have an impact on the accuracy of estimated RTT. In [14], the double difference method for phase based positioning enhancements is proposed to address the issue.
In [17], it suggests using the “sum of the DL carrier phase measurement at the UE and the UL carrier phase measurement at the gNB” to obtain the round-trip carrier phase measurement to eliminate UE and gNB clock biases”, under the assumption that “The carrier phases at the reference time  and  can be set to 0. Similarly, the carrier phases at the transmission of the OFDM symbols,  and  can be set to 0.” In FL’s understanding, the initial phase of the transmitter and the receiver are unknown, and may not be simply set to 0. 
In [19], nested RTT method is proposed to estimate propagation delay and reduce the impact of clock impairments. In FL’s understanding, the proposal method does not actually use the carrier phase measurements, but the gNB/UE Rx-Tx time difference measurements.
[bookmark: _Toc111724361](Round 1) Question 4.5-1
· Interested companies are encouraged to provide their views on the following questions:
· Q1: what is your view on “Support double difference method for phase based positioning enhancements utilizing PDOA measurements for RTT measurements without synchronization of the UE and the TRP”?.
· Q2: what is your view on “Study the use of round-trip carrier phase measurement to eliminate UE and gNB clock biases. The round trip carrier phase measurement is the sum of the DL carrier phase measurement at the UE and the UL carrier phase measurement at the gNB”?
· Q3: what is your view on “Consider nested RTT method for the carrier phase measurement based positioning”? 

	Company
	comments

	Nokia/NSB
	Q1/Q2: Our view is that RTT type phase measurements are only feasible in the case of the same LO being used for UL/DL. RAN1 may need to check if this is feasible for realistic assumptions. We are okay to study further. 
Q3: We don’t consider this high priority. 

	CATT
	We are okay to further study these methods.

	Samsung
	At this stage, we are open to studying these methods.

	ZTE
	Multiple Tx / Rx phase offsets are involved in RTT. It is hard to be canceled by PRU. Hence, the performance gain is questionable.

	Huawei, HiSilicon
	Q2: Due to the unknown additional phase introduced in RF at Tx and Rx, the RTT phase measurement does not corresponds to the distance.

	Xiaomi
	We are open to study it. It is possible for the UE with capability to track the phase in a short period.

	Intel
	Same views as the FL, we are not sure of the feasibility and gains from these approaches to address CPP.

	Qualcomm
	For Q2, same view as Nokia and Huawei. For Q3, not high priority, we don’t see the relevance to carrier-phase.

	Locaila
	Open

	Philips
	We are open to study

	LGE
	We prefer to keep studying RTT carrier phase positioning. 
For Q3, double side RTT method is considered in SL positioning item and nested RTT structure is one possible way to support this feature. For the carrier phase measurement based multi-RTT, it is important to eliminated error sources for centimeter level accuracy, and double side or nested RTT structure would be useful to eliminate clock error compare to single side RTT method. We prefer to investigate further on this topic.  

	Apple
	Q1/Q2: open to study. 




 Additional issues related to physical layer procedures 
Submitted Proposals:
· (vivo, R1-2208650[2]) Proposal 6:	The carrier phase positioning cannot be seen as a standalone positioning.
· (OPPO, R1-2208801[5]) Proposal 3: The UE can measure and report carrier phase of multiple REs in DL PRS and the UE reports the carrier phase measurement and positioning measurement results of legacy positioning method.
· (OPPO, R1-2208801[5]) Proposal 6: The TRP measures and reports carrier phase of multiple REs in SRS for positioning and the TRP also reports the carrier phase measurement and positioning measurement results of legacy positioning method.
· (CATT, R1-2208983[6]) Proposal 10: The existing physical layer procedures for NR positioning can be re-used for supporting NR carrier phase positioning.
· (CMCC, R1-2209343[11]) 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.
· (Samsung, R1-2209738[17]) Proposal 5: Study using legacy-based positioning measurements to estimate the number of integer cycles between the gNB and the UE. 
· (InterDigital, R1-2209489[13]) Proposal 4:  Study assistance information that allows the UE or network to mitigate unknown phase offset in phase measurements, e.g., phase error group. 
· (NTT DOCOMO, R1-2209909[20]) Proposal 2: Assistance data which provides helpful information to operate NR carrier phase measurement can be studied.

FL Comments

In [2], it was proposed that carrier phase positioning cannot be seen as a standalone positioning method. In [5], it is proposed that the carrier phase measurements can be reported together with the positioning measurement results of legacy positioning method, and in [6], it is proposed existing physical layer procedures for NR positioning can be re-used for supporting NR carrier phase positioning. The FL shares a similar view as these proposals. In order to resolve the integer ambiguity, the NR carrier phase positioning needs to use the measurements of the legacy methods or the location provided by the legacy methods, as proposed in [11][17]. The carrier phase measurements can be reported together with existing positioning measurements. It is expected that most of the existing physical layer procedures for NR positioning are expected to be re-used with possibly some enhancements in the measurement configuration and measurement reporting. 
In [13][20], it is suggested to study the assistance information for carrier phase positioning. In FL’s view, additional assistance information, which provides helpful information to operate NR carrier phase measurement, can be further studied if needed.

(H)(Round 1) Proposal 4.6-1
Capture the following TP into TR 38.859 (for Section 6.3.1):
· For the purpose of NR carrier phase positioning, there is a need to support consider the reporting of the carrier phase measurements together with the positioning measurements of the existing positioning methods.
· Existing physical layer procedures of the legacy positioning methods can be reused to support the NR carrier phase positioning. 
· Note: Some enhancements of the measurement configuration and reporting are expected.

	Company
	comments

	vivo
	We propose to revise the first bullet with soft wording, for example,
· For the support of NR carrier phase positioning, there is a need to support the reporting of the carrier phase measurements together with the positioning measurements of the existing positioning methods.


	Nokia/NSB
	Don’t support. First this is not true for UE-based. Second we don’t think that it is always true that legacy methods need to be reported as well though it may happen most of the time. 

	CATT
	We are fine with the mortification suggested by vivo. 

	Samsung
	We would like to study the support of:
· Standalone carrier phase positioning. For this measurement, no don’t have to combine CPP with other positioning techniques
· CPP with other positioning techniques.

	ZTE
	If CPP were a kind of independent positioning method, the carrier phase measurements can be performed separately. If not, it should be done with legacy positioning method(s). Hence, the following modification is achieved:
For dependent NR carrier phase positioning, there is a need to support the reporting of the carrier phase measurements together with the positioning measurements of the existing positioning methods.

	Xiaomi
	We are fine with vivo’s version since standalone can’t be precluded in this stage.

	Intel
	OK with the suggested update from vivo, but perhaps we can remove “the support of” at the beginning, “For NR carrier phase positioning, …” should suffice.

	Ericsson
	We had long discussion about using the term ‘support’ in agreements in the SI phase (e.g., SL positioning techniques agenda in last meeting).   So, we suggest not to use the word support now.  We prefer the following revision:

· For NR carrier phase positioning, there is a need to support consider the reporting of the carrier phase measurements together with the positioning measurements of the existing positioning methods.


	Qualcomm
	Agree with Nokia about UE-based, where there will not be any measurement reports. For the UE-assisted case, we generally agree that carrier phase measurements all by themselves may not be sufficient, because they may leave too much of unresolvable integer ambiguity. What is needed in addition is some way to make this ambiguity manageable, e.g., via a coarse position estimate. Reporting legacy positioning measurements is just one way to enable this (by enabling the legacy UE-assisted positioning), but need not be the only way

	Locaila
	We don’t support on this view.

This proposal is only true to the case of so called ‘multiple, virtual carrier method’ which requires complex process for integer number search.

If we use the subcarrier method, we may find the initial UE position without ambiguity. The length of subcarrier of 15KHz is 20Km and 30Hz SCS is 10Km. Why it wouldn’t be sufficient to resolve initial UE position using such long subcarrier ? 

We showed and proved from our field experiment that use of long subcarrier is sufficient to obtain initial position information without using any existing positioning method. However, we don’t see the opposite result or analysis proving the claim of “  .. carrier phase positioning cannot be seen as a standalone positioning method … “ . We argue the companies should prove this statement. 


	LGE
	We do not support the proposal. As discussed so far, reporting of the TOA or slop obtained from the phase-difference of multiple subcarriers, which is not an existing positioning method, can be a solution for resolving integer ambiguity. 

	Apple
	Fine with Ericsson’s update.




(Round 1) Proposal 4.6-2
· Additional assistance information, which provides helpful information to operate NR carrier phase measurement, can be further studied.

	Company
	comments

	Nokia/NSB
	Okay but seems like a vague proposal. 

	CATT
	Share the similar view as Nokia. It would be better to discuss specifically what the assistance information are.

	ZTE
	LMF can configure the integer ambiguity to UE, this can be added to the addition assistance information. Hence, the following modification is achieved:
· Additional assistance information, which provides helpful information to operate NR carrier phase measurement, can be further studied. The additional assistance information may include:
               Integer ambiguity between the TRP and target UE.


	Intel
	Same view as Nokia and CATT.

	Qualcomm
	Same view as Nokia, CATT, Intel

	LGE
	Same view with other companies. 




[bookmark: _Toc111724368][bookmark: _Toc62397294][bookmark: _Toc69027126]Analysis and Evaluation Results
[bookmark: _Toc111724371]Evaluation Assumptions
	Agreement
NR carrier phase positioning performance will be evaluated at least with the carrier phase measurements of a single measurement instance.
Agreement
· Reuse the simulation assumptions of NR Rel-16/17 for carrier phase positioning
· Note: Optional modification of the simulation assumptions defined in NR Rel-16/17 are allowed only if needed. 
· The evaluation scenarios:
· Baseline: InF-SH, InF-DH
· Optional: IOO, Umi, Highway
· Note 1: Other evaluation scenarios are not precluded.
· Note 2: Existing Rel-17 DL/UL reference signals in Uu interface is to be used for the Highway scenario.
· Frequency range: 
· Baseline: FR1
· Optional: FR2

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

Agreement (RAN1#109e)
The use of PRUs to facilitate NR carrier phase positioning can be evaluated in the SI by RAN1.

Agreement (RAN1#110)
In the evaluation of NR carrier phase positioning, the following frequency errors can be considered, which are modeled independently for each UE and each TRP:
· Initial Residual CFO (is the same for one measurement instances [or multiple phase measurement instances]):
· Ideal: 0 (UE/TRP)
· Practical: uniform distribution within 
· [-30, +30] Hz (FR1, UE), [-100, +100] Hz (FR1, UE), 
· [-120, +120] Hz (FR2, UE), [-400, +400] Hz (FR2, UE),
· [-10, +10] Hz (for each TRP, FR1),
· [-40, +40] Hz (for each TRP, FR2).
· Oscillator-drift (is the same for one or multiple phase measurement instances for positioning fix):
· Ideal: 0 (UE/TRP)
· Practical: uniform distribution within [-0.1, 0.1] ppm (UE), [-0.02, +0.02] ppm (each TRP) within measurement duration
· Note: The Doppler frequency can be determined based on the UE speed in the evaluation assumption.
Agreement (RAN1#110)
In the evaluation of NR carrier phase positioning, the offset between the initial phase of the transmitter and the initial phase of the receiver can be modeled as a random variable uniformly distributed within [0, X].
·  Possible values of X: 2pi
· Other values FFS

Agreement (RAN1#110)
In the evaluation of NR carrier phase positioning, the antenna reference point (ARP) location error of a TRP can be modeled as follows: 
· Ideal: no ARP error
· Practical: a zero-mean, truncated Gaussian distribution with zero mean and standard deviation of T=[1, 5] cm truncated to 2T in each of (x, y, z) direction
Agreement (RAN1#110)
In the evaluation of NR carrier phase positioning, the following the UE/TRP antenna phase center offset (PCO) model can be considered as the starting point: 
dPCO =  a * dPhi + w
where
· a is the scale factor, a=[0, 1, 3]
· FFS: other values
· dPhi is the direction difference (in degrees):
· Example 1, dPhi is the difference between the true and the calculated (or measured) directions between a transmitter (UE/TRP) and a receiver (TRP/UE).
· Example 2: dPhi is the direction difference between one UE to two TRPs, or between one TRP to two UEs.
· w is 0 or a random variable uniformly distributed within [-2, +2], or [-5, +5], or [-X, +X] degrees
· FFS: value of X or left up to companies
· Note: the above model is valid only when absolute value of dPhi < Y degrees
· FFS: value of Y or left up to companies

Agreement (RAN1#110)
For the evaluation of NR carrier phase positioning, UE position can be calculated by the use of the carrier phase measurements obtained at the M sequential time instances, where 
· Baseline: 
· M=1
· Optional : 
· M=4
· Other values of M 
· Companies should report their assumptions on UE mobility (e.g. speed)




Submitted Proposals:
· (Nokia, R1-2208736[3]) Proposal 1: No new values of X are added for the initial phase offset model between transmitter and receiver.
· (Nokia, R1-2208736[3]) Proposal 2: Adopt the PCO error model as the final error model on PCO for the SI. 
· (Nokia, R1-2208736[3]) Proposal 3: For parameters X and Y leave it up to individual companies to provide the specific values used in their evaluations.
· (China Telecom, R1-2208774[4]) Proposal 3: apart from the initial phase offset and the CFO, the carrier phase measurement model for positioning should mainly consider the time offset between the transceiver.
· (CATT, R1-2208983[6]) Proposal 5: For evaluation of NR CPP in Rel-18 SI, initial random phases of TRPs/UEs should be considered to be TRP/UE-specific, e.g., it is the same for all carrier phase measurements of a carrier frequency for a specific TRP/UE.
· (CATT, R1-2208983[6]) Proposal 6: The impact of TRP ARP location error should be mitigated in order to improve the carrier phase positioning accuracy.
· (Intel, R1-2209059[7]) Proposal 2:	Clarify that the initial phase offsets can be modelled separately at transmitter and receiver nodes as independent random variables, each uniformly distributed within [0, 2pi].
· (Locaila, R1-2209543[15]) Proposal 1) Change the CFO metric in Table A.3-1 of current TR38.859 as below table.
Table A.3-1: Assumptions for evaluation of NR carrier phase positioning
	Assumptions
	Value

	Scenarios
	· Baseline: InF-SH, InF-DH
· Optional: Indoor Open Office, Umi, Highway scenarios
· Note 1: Other evaluation scenarios are not precluded
· Note 2: Existing Rel-17 DL/UL reference signals for the Uu interface are to be used for the Highway scenario.

	Frequency errors – Note 1
	Ideal
	Practical

	Initial residual CFO 
(is the same for one measurement instances [or multiple phase measurement instances])
	0 (UE/TRP)
	Uniform distribution within:
•	[-30, +30] Hz (FR1, UE), [-100, +100] Hz (FR1, UE), 
•	[-120, +120] Hz (FR2, UE), [-400, +400] Hz (FR2, UE),
•	[-10, +10] Hz (for each TRP, FR1),
•	[-40, +40] Hz (for each TRP, FR2).
•	[-100, +100] Hz (FR1, UE, 1GHz)
•	[-400, +400] Hz (FR1, UE, 4GHz)
•	[-3K, +3K] Hz (FR2, UE, 30GHz)
•	[-7K, +7K] Hz (FR2, UE, 70GHz)
•	[-20, +20] Hz (FR1, TRP, 1GHz)
•	[-80, +80] Hz (FR1, TRP, 4GHz)
•	[-600, +600] Hz (FR2, TRP, 30GHz)
•	[-1.4K, +1.4K] Hz (FR2, TRP, 70GHz)


	Oscillator-drift 
(is the same for one or multiple phase measurement instances for positioning fix)
	0 (UE/TRP)
	Uniform distribution within:
•	[-0.1, 0.1] ppm (UE) 
• [-0.02, +0.02] ppm (each TRP) within measurement duration



· (Locaila, R1-2209543[15]) Proposal 2) RAN1 should study the traffic burden related to oscillator accuracy when employing the proposed double difference method.
· Qualcomm, R1-2209992[21]) Proposal 1: Clarify the definition of measurement duration for oscillator drift modeling.
· (Ericsson, R1-2210177[23]) Proposal 5	Study if a 2D positioning assumption is realistic when the target accuracy level is in the order of centimetres/ decimetre. 
· (Ericsson, R1-2210177[23]) Proposal 7	When reporting results for carrier phase-based positioning accuracy, if PRUs are used for double-differentiation then the PRU deployment should be reported.

FL Comments
It is proposed in [3][7] that the value of the initial phase offset is within [0, 2pi] with no other value of X. In [4] and [7], it is proposed the initial random phases of TRPs/UEs should be considered to be TRP/UE-specific. These proposals seem reasonable in FL’s view.
In [5], it is proposed to consider the time offset between the transceivers. Consider that the time offset is actually included in the template for the collection of the evaluation results, and thus, we may need to have a separate agreement on that.
In [15], it is proposed to change carrier frequency offset (CFO) range to match (oscillator-drift rate* the carrier frequency in 1s duration). In FL’s view, the change is not needed due to: 1) In the evaluation assumption, both CFO and Oscillator-drift are considered, which can be modelled independently and added together; and 2) the maximum CFO is up to the adjust rate of UE for frequency error; and c) the carrier phase measurements are normally estimated much shorter than 1s.
In [15], it is also proposed to study the traffic burden related to oscillator accuracy when employing the proposed double difference method. In FL’s view, the increase of the traffic loading for reporting the carrier phase measurements is not expected to be a significant issue in an NR network even if the PRreportsng the carrier phase measurements at the same rate as DL PRS periodicity. The measurements reported from a PRU can actually be used for supporting all UEs in the surrounding area of the PRU. 
In [21], it is proposed to clarify the definition of measurement duration for oscillator drift modelling. In the agreement, it says “Oscillator-drift (is the same for one or multiple phase measurement instances for positioning fix”. To FL’s understanding, the measurement duration is the time duration for estimating the carrier measurements. For one measurement instance, the duration is the time duration for obtaining the measurement instance. If multiple measurement instances are used for a position fix, then the oscillator-drift keeps the same for all of the multiple phase measurement instances for the positioning fix.
In [23], it is proposed to study “if a 2D positioning assumption is realistic when the target accuracy level” for carrier phase positioning. In FL’s understanding, 3D measurements need to be used in the evaluation because of the height difference between the UE and gNB in the evaluation assumption. As for the evaluation result, the horizontal and vertical positioning accuracy may be presented separately, given that many applications may have different requirements for horizontal and vertical positioning accuracy.
In [23], it is also proposed to include the assumption of PRU deployment in the evaluation. In FL’s view, the PRU deployment is indeed helpful for understanding the evaluation results and thus it is suggested to add a row in the template table for collecting the information.
[bookmark: P8](H)(Round 1) Proposal 5.1-1
Make the following modification to the previous agreement on the initial phase model:
· In the evaluation of NR carrier phase positioning, the offset between both the initial phase of the transmitter and the initial phase of the receiver can be modeled as a independent random variables uniformly distributed within [0, X2pi].
· Note: The initial phase of a transmitter applies to all carrier phase measurements of the same carrier frequency associated with the transmitter, and the initial phase of a receiver applies to all carrier phase measurements of the same carrier frequency associated with the receiver.
· Possible values of X: 2pi
· Other values FFS

	Company
	comments

	Nokia/NSB
	Support. 

	CATT
	Support

	Samsung
	We don’t see the necessity of this proposal.

	ZTE
	Support.

	Xiaomi
	Support 

	Intel
	Support.

	Ericsson
	Ok

	Qualcomm
	Support

	Locaila
	The proposal itself is ok, but…

we show some disagreement on FL’s comment above.

In 1) above, FL said, in the evaluation assumption, both CFO and Oscillator-drift are considered, which can be modelled independently and added together …

-> nope. in the case of TRP, CFO and Oscillator-drift are tightly coupled as below equation. 



The above equation means that due to oscillator instability, a constant % of the carrier phase is outside the true value. In general, RF carrier waves are produced by multiplying the oscillator wave by a constant, so the above relationship is established at the RF output stage. 

However, in the case of a moving UE, CFO may increase or decrease further under the influence of Doppler, but this is only for the case of the UE.

It is important to model the initial phase offset between TRPs and evaluate the performance of the solution that you want to calibrate. We discussed the inefficiency of the double difference method due to the instability of the oscillator in [15]. If the CFO value of TRP is artificially and unrealistically lowered as above, this will make the evaluation results of the proposed double difference solution look better, which may lead to false conclusions. 


In 3) above, FL said the carrier phase measurements are normally estimated much shorter than 1s. …

->  ppm/ppb means the % rate that occurs per second. This does not mean that the carrier phase should be measured evenly for 1 second.


	LGE
	Support

	Apple
	OK




[bookmark: P9](H)(Round 1) Proposal 5.1-2
· Add a row of "PRU deployment" in Table B.4.X.1-1: NR carrier phase positioning enhancements – evaluation scenarios and parameters” in Draft TR 38.859. 

	Company
	comments

	vivo
	Okay

	Nokia/NSB
	Support

	CATT
	Support

	Samsung
	OK, but proponents need to report the details of PRU, i.e., what is the PRU (UE or TRP) (under what condition, e.g., perfect location information, perfect measurement, perfect reporting etc.);

	Xiaomi
	Support 

	Intel
	OK. Minor point, we can delete “Draft” for the TR reference.

	Ericsson
	Ok

	Qualcomm
	Support

	Apple
	OK







[bookmark: _Toc111724374]Evaluation Results
	Agreement (RAN1#110)
Endorse the templates in section 17 under (H)(Round 1) Proposal 17-1 in R1-2207690 to collect carrier-phase based positioning simulation results, with the following notes:
· The TR editor can adjust the sections/sub-sections arrangement
· Adjust the titles of the tables to refer to NR carrier-phase based positioning
· The detailed rows of the tables can be further discussed



Submitted Proposals:
· [bookmark: OLE_LINK1](Huawei, R1-2208455[1]) Proposal 1:  Rel-18 shall target the accuracy requirement of 1cm@50% for positioning using carrier phase measurement.
· (Nokia, R1-2208736[3]) Proposal 4: Include the above results in the TR. 
· (Nokia, R1-2208736[3]) Proposal 5: RAN1 to conclude that NR CP provides significant accuracy gains over existing techniques.
· (Lenovo, R1-2209395[12]) Proposal 1: RAN1 to study and define the performance requirements of carrier phase positioning in terms of horizontal and vertical accuracy requirements based on the FR1/FR2 carrier wavelengths as well as distinguishing the accuracy according to different environments, e.g., indoor vs outdoor.
· (IIT Kanpur, R1-2209546[16]) Proposal 4: For the purpose of evaluation, the following target accuracy requirement is considered for NR carrier phase positioning:
· Horizontal position accuracy (<10 cm for 80%) of UEs
· (Ericsson, R1-2210177[23]) Proposal 3	We propose that the TR captures the result of Observation 5, repeated:  Reporting the carrier phase of individual subcarriers does not add any information compared to reporting the center carrier phase and the estimate time-of-arrival of the reference signal.
· (Ericsson, R1-2210177[23]) Proposal 4	Capture the conclusion of Observation 8 in the technical report: For successful Multi-Hypothesis IAR, a redundancy in number of TRPs is needed, especially when the accuracy of each carrier phase measurements is reduced.

FL Comments:

Many companies have provided the evaluation results based on the simulation assumptions agreed in the previous meetings, and also the observations from the analysis and/or the simulation. 
For the simulation results, it was agreed in RAN1#110 to follow the practice of Rel-16/Rel-17 to use the templates in Section 17 under (H)(Round 1) Proposal 17-1 in R1-2207690 to collect the carrier phase positioning simulation results.
In addition, we may also need to provide a summary of the main findings of the study into TR 38.859, especially the issues that RAN1 has agreed to investigate. In the following, The FL tries to summarize the observations provided in the contributions [1-23], focusing on the error sources that were agreed to be evaluated and also the techniques of the carrier phase positioning that many companies are interested in. It is important to point out that the following summary does not include all of the observations from all of the companies, especially the issues that only commented by a single company. It does not mean an issue brought up only by a single company is not important. It is only because due to the limited meeting time, we may only be able to focus the discuss on the issues that more companies provide the observations/proposals. Thus, if a proposal/observation from a company attracts more interest from other companies, we will consider raising the priority of that proposal/observation. Also, it is FL’s understating that individual companies may include their observations together with their evaluation results in TR 38.859. In this way,  we will not miss any important findings obtained during the study.
Summary of the observations:
· About the overall carrier phase positioning performance: 
· Many companies have provided the evaluation results related to the NR carrier phase positioning (e.g., [1-3][5-7][9][14-15][17][19][21-23]). Many companies have observed significant improvement of the accuracy over Rel-17 is possible with NR carrier phase measurements, where centimeter-level positioning accuracy can be reached at least for some of the evaluation scenarios, e.g., LOS dominant environment, when the integer ambiguity is resolved correctly. It is also observed that the accuracy improvement can be quite different for different scenarios and the evaluation results from different companies show different levels of improvement. In FL’s understanding, this is expected because the performance of the carrier phase positioning techniques depends on many factors, as shown in the observations provided by the companies.
· About the estimation of the carrier phase:
· Multiple companies have observed that different approaches can be used to obtain carrier phase measurements. However, there can be a significant difference on the accuracy of the carrier phase measurements due to the impact of multipath/NLOS (e.g., [2][6][11]).
· About the impact of initial phase error on carrier phase positioning: 
· It may significantly degrade the positioning performance if it is not eliminated (e.g., [2][4][7]). Many companies (e.g., [1][3][4][6][7][9][12]) have observed that the impact of initial phase error can be removed by the double differential technique.
· About the impact of CFO: 
· Some companies have observed that the impact of CFO on carrier phase positioning is negligible (e.g., [1][6][9][12]), and the evaluation results from some other companies show the CFO has a certain impact on carrier phase positioning (e.g., [2]).
· About double differential carrier phase positioning with PRU:
· Many companies have observed that the double differential technique is an effective approach for eliminating the errors related to the transmitter and the receiver in the carrier phase measurements (e.g., [1][3][4][6][7][9][16][17][22]), which include the initial phase, oscillator-drifts, clock errors, etc. of the transmitter and the receiver.
· About ARP error:
· Multiple companies have observed that ARP errors may deteriorate the carrier phase positioning accuracy (e.g., [1][2][6][9][17]) when the carrier phase measurements from a single frequency are used due to its impact on solution of the integer ambiguity.
· About the impact of PCO:
· Multiple companies have observed that PCO will have the impact on the carrier phase positioning (e.g., [1][2][3][6]).
· About the integer ambiguity: 
· It is a common observation that properly resolution of the integer ambiguity is one of the main key issues for the success of carrier phase positioning (e.g., [1][2][3][4][5][7][8][17][19][20][21][22]).
· About the use of multi-frequency carrier phase measurements:
· Many companies have observed that the use of multi-frequency carrier phase measurements is helpful for the resolution of integer ambiguity (e.g., [1][3][5][6][9][17][19][22]). In addition, multiple companies have observed the use of multi-frequency carrier phase measurements can also reduce impact of ARP position errors (e.g., [1][6][9])
· About the impact of multipath/NLOS:
· It seems to be a common view that multipath/NLOS may impact significantly the performance of carrier phase positioning, and thus it is important to identify the first path properly to reduce the measurement error, and consider potential solutions to mitigate the impact of the multipath/NLOS.

[bookmark: _Toc111724375](H)(Round 1) Proposal 5.2-1
Capture the following TP into TR 38.859 as an evaluation observation (for Section 6.3.2):
· Significantly improvement of the accuracy over Rel-17 positioning methods is possible with NR carrier phase measurements., It is observed that centimeter-level positioning accuracy can be reached at least for some of the evaluation scenarios. 

	Company
	comments

	vivo
	Firstly, we prefer to add ‘without modeling error’ as a condition.
In addition, maybe ‘some of the evaluation scenarios’ can be expressed more clearly(e.g, InF-SH)


	Nokia/NSB
	Support. We don’t agree with vivo’s suggestion as many of the modeled errors are clearly negligible with PRU. 

	CATT
	Support. Share the similar view as Nokia. Our evaluation has included the errors, and also not limited to InF-SH scenarios. 

	ZTE
	Support, we prefer clarify the specific evaluation scenarios and error models that can satisfy the centimeter-level position accuracy.

	Huawei, HiSilicon
	We need to describe how many UEs can achieve the centimeter-level positioning accuracy, such as ‘It is observed that centimeter-level positioning accuracy for 50% UEs can be reached at least for some of the evaluation scenarios’

We have another question to the FL: Do we need to set the requirement for carrier phase positioning in this release?

	CMCC
	Should we provide more details in this TP? A similar layout in SL positioning can be referred to, for example:
- Evaluation results are provided by x sources out of y sources;
- Significantly improvement of the accuracy over Rel-17 positioning methods is possible with NR carrier phase measurements;
- From the evaluation,
* A source observes that centimeter-level positioning accuracy can be reached

	Ericsson
	
We don’t agree with this observation. Many companies evaluate the InF-SH scenario where already TDOA can provide centimetre level accuracy. Additionally, even with extremely optimistic assumptions on e.g. ARP error increases the positioning error significantly.

The following are some observations we found in the referenced TDocs:

· In [1], the following observations can be found:
· Observation 3: The ARP error deteriorates the carrier phase positioning accuracy even the double differential method (with PRU) is used.
· Observation 4: Double differential carrier phase positioning technique can eliminate some influence of PCO.
Note that Results presented in Table 6 of [1] which take into account a combination of multiple error factors shows that target requirements are not met for most of the cases simulated even with PRUs.
· In [17], the following observation can be found:
· Observation 8: With larger phase error and ARP error, the performance is degraded severely. 

· In [3], the results presented are preliminary as mentioned in [3].  The impact of error sources and in particular the impact due to a combination of error sources does not seem to be taken into account in the results of [3].

· In [19], the results reported seem to be under ideal assumptions where error sources nor combination of error sources is not taken into account (see Appendix A which contains Sim assumptions for results presented in Section 3).

· In [6], the following observation/proposal can be found:
· Observation 13: The carrier phase positioning accuracy will degrade when ARP error increases.
· Proposal 6: The impact of TRP ARP location error should be mitigated in order to improve the carrier phase positioning accuracy.

· In [15], the following observation is made:
· (Observation 2) Considering the accuracy of commercially available oscillators and the size of phase offset information necessary to broadcast, the proposed double difference method may cause heavy traffic burden to 5G NR system. 

· In [10, 11, 12, 13, 16], there are no evaluation results.  These TDocs mostly include study proposals.

Based on these observations, it is premature to agree this proposal.  Further study is needed to access performance of NR carrier phase positioning in the presence of error sources, and particularly in the presence of a combination of error sources.

	Qualcomm
	Prefer to hold off on writing this. Our evaluations in FR1 with all errors included do not support this conclusion. Further, note that centimeter level accuracy is attained at certain percentiles even with Rel-16/17 approaches; so this alone is insufficient to justify ‘gains over Rel-16/17’.

	Locaila
	We generally agree, but it is premature conclusion at this stage. Further study is necessary.

	LGE
	Support

	Apple
	Update to “significantly”




(H)(Round 1) Proposal 5.2-2
Capture the following TP into TR 38.859 as an evaluation observation (for Section 6.3.2):
· The double differential technique with PRU is an effective technique to eliminate the measurement errors related to the transmitter and the receiver in carrier phase measurements, which include the initial phase, the oscillator drifts, and the clock errors of the transmitter and the receiver.

	Company
	comments

	Nokia/NSB
	Support. 

	CATT
	Support.

	Samsung
	This could be an observation.
· The double differential technique with PRU is an effective technique beneficial to eliminate the measurement errors related to the transmitter and the receiver in carrier phase measurements, which include the initial phase, the oscillator drifts, and the clock errors of the transmitter and the receiver.


	ZTE
	We propose modify the description as follows:
The double differential technique with PRU is an effective technique to eliminate the measurement errors related to the transmitter and the receiver in carrier phase measurements, which include the initial phase, the oscillator drifts, and the clock errors of the transmitter and the receiver.
because in our simulation, the oscillator drifts cannot be eliminated by using double differential technique.

	CMCC
	Similar comments as Proposal 5.2-1. We are basically fine and recommend to have more details if possible.

	Intel
	Support. Perhaps instead of saying “oscillator drifts”, we can just say “frequency offsets” to combine both residual CFO and applicable oscillator drift.

	Ericsson
	Not agree.
How dense must PRUs be deployed for the technique to be effective? Before we can agree to a such general statement we need first to know that. A PRU which is 100 m away from the UE (but still inside the building) may experience a very different radio environment and multipath conditions that makes is useless for the UE.

	Qualcomm
	Support.

	Locaila
	No, we don’t agree at all.

	LGE
	Support




(H)(Round 1) Proposal 5.2-3
Capture the following TP into TR 38.859 as an evaluation observation (for Section 6.3.2):
· The correct resolution of the integer ambiguity is one of the key issues for accuracy improvement by the use of carrier phase positioning.

	Company
	comments

	Nokia/NSB
	Okay 

	CATT
	Support

	ZTE
	We are fine with this proposal.

	MTK
	We also find out that the carrier phase error (fractional cycle) would impact the search of integer ambiguity. It means the carrier phase error (through measurement and double difference method) may need to be within a threshold to ensure the correct search. 

I am wondering whether FL would capture our observation by saying one company has such observation?

	CMCC
	Similar comments as Proposal 5.2-1. We are basically fine and recommend to have more details if possible.

	Intel
	Agree.

	Ericsson
	Ok

	Qualcomm
	OK

	Locaila
	Ok

	Philips 
	Agree

	LGE
	Support

	Apple
	OK




(H)(Round 1) Proposal 5.2-4
Capture the following TP into TR 38.859 as an evaluation observation (for Section 6.3.2):
· The use of multi-frequency carrier phase measurements is helpful for the correct resolution of the integer ambiguity and alleviates the impact of ARP location errors.

	Company
	comments

	vivo
	For us, based on the FL explanation in3.2-1 that “multi-frequency” is a different frequency(DC) other than subcarrier. The proposal is too early since there are no related agreements for evaluation (e.g the error model (e.g phase error, timing draft) between different carriers)and without enough evaluation results.
Furthermore, even based on the current CATT evaluation, we don’t see an obvious improvement based on multiple frequencies, especially in a lower percentage
So, we propose to discuss the “multi-frequency” evaluation assumption first.


	Nokia/NSB
	Similar as prior comments from us we should say positioning frequency layers

	CATT
	Support. 

	CMCC
	Similar comments as Proposal 5.2-1. We are basically fine and recommend to have more details if possible.

	Xiaomi
	Support 

	Ericsson
	Do not agree.  We agree with comments form vivo.

	Qualcomm
	Clarify whether the proposal implies that increasing total bandwidth of all the PRS at different frequencies is helpful, or whether the proposal implies that dividing a given total bandwidth into multiple frequencies and making measurements separately on those is helpful. For alleviating ARP location errors, is it assumed that the ARPs for the different frequencies are all collocated?

	Locaila
	Same opinion as vivo.

	Philips
	We agree with vivo



[bookmark: _Toc69027129][bookmark: _Toc62397299][bookmark: _Toc111724378][bookmark: _Hlk62117352][bookmark: _Toc54552966][bookmark: _Toc48211472][bookmark: _Toc54553088](Round 1) Proposal 5.2-5
Capture the following TP into TR 38.859 as evaluation observation (for Section 6.3.2):
· Different approaches can be used to obtain the carrier phase measurements, and different approaches may have different measurement accuracy. 

	Company
	comments

	Nokia/NSB
	Don’t support. What does this gain us? 

	CATT
	Maybe we can include more specifically which approaches can provide better accuracy.

	Qualcomm
	Looks very vague

	Locaila
	Don’t support

	LGE
	Intention of this proposal is not clear for us. 

	
	

	
	



(Round 1) Proposal 5.2-6
Capture the following TP into TR 38.859 as an evaluation observation (for Section 6.3.2):
· The impact of carrier frequency offset, which is given in the evaluation assumption, on the accuracy of the carrier phase positioning is negligible.

	Company
	comments

	CATT
	Okay. Maybe add the conditions under which the impact of the carrier frequency offset is negligible.

	ZTE
	We are fine with it.

	Locaila
	Don’t support

	
	

	
	

	
	

	
	

	
	




Others
[bookmark: _Toc111724358]Master-slave gNB synchronization structure
Submitted Proposals:
· ((Locaila, R1-2209543[15]) Proposal 4) We propose to study the proposed master-slave gNB synchronization structure and capture the solution in TR 38.859 as an alternative for double difference method.
· ((Locaila, R1-2209543[15]) Proposal 5) We propose to remove CFOs of TRPs defined in table A.3-1 in current TR38.859 on the case that proposed master-slave gNB synchronization structure is assumed. 

FL Comments
TRP time synchronization is essential for timing-based positioning methods, including DL-TOA, UL-TDOA and carrier phase positioning. The proposed master-slave gNB synchronization structure could be a potential solution for precise TRP time synchronization. However, the investigation of TRP time synchronization is out of the scope of the SI in FL’s view. The issue was discussed in previous meeting, but only few companies were involved in the discussion. Thus, the suggestion from FL is no further discussion on this issue in this meeting.
[bookmark: _Toc111724359](Round 1) Proposal 6.1-1
· No further discussion of master-slave gNB synchronization structure in the SI.

	Company
	comments

	Nokia/NSB
	Okay with the intention to not discuss. We should not use this type of terminology in 3GPP anymore. There was agreed at RAN level to update specifications to explicitly avoid this type of wording.

	Samsung
	This type of synchronization structure (main-secondary) is outside the scope of RAN1. So we agree with this proposal.

	Locaila
	We're just beginning to figure out what the problems are with introducing high-precision Carrier Phase Positioning into the 5G NR systems. It is not good to reject a particular solution for non-technical reasons from the beginning of the study phase. 

The master-slave synchronization method we propose is not designed simply by theoretical or simulation, but by actual use and validation of our field experiment. Using this method, we were able to stabilize the carrier phase offset of TRPs for a long time and successfully obtain high precision distance measurement results. This method does not require large PRU device deployments, nor does it cause a traffic overload on the network like the double difference method. 

Although there may be some structural impact on 5G gNB to apply this method, it may actually be a more cost-effective solution considering the cost of maintaining or managing the numerous PRUs required to apply the double difference method. We should continue to study the pros and cons of solutions in the framework of the big theme of TRP synchronization from a more open perspective

	
	



[bookmark: _Toc111724364]Sidelink carrier phase positioning
	Agreement (RAN1#109e)
The study of the accuracy improvement based on NR carrier phase measurements in Rel-18 SI may include:
· UE-based and UE-assisted carrier phase positioning,
· UL carrier phase positioning and DL carrier phase positioning.
· NR carrier phase positioning with the carrier phase measurements of one carrier frequency or multiple frequencies
· Combination of NR carrier phase positioning with another standardized Rel. 17 positioning method, e.g., DL-TDOA, UL-TDOA, Multi-RTT, etc.
· Note: The use of “carrier phase positioning” does not necessarily mean it is a standalone positioning method
· FFS: whether SL carrier phase positioning is to be discussed in Rel-18 SI



.Submitted Proposals:
· (Nokia, R1-2208736[3]) Proposal 13: Discuss SL carrier phase only under AI 9.5.1.2 during RAN1#110-bis.
· (InterDigital, R1-2209489[13]) Proposal 1: Postpone the study of SL carrier phase positioning to a future release beyond Rel. 18.
· (NTT DOCOMO, R1-2209909[20]) Proposal 4: It may be better to postpone the study of SL carrier phase positioning in future release.
· (Ericsson, R1-2210177[23]) Proposal 1	Carrier phase-based positioning using sidelink measurements shall not be considered in NR Rel. 18.

FL Comments
From the contributions submitted under this AI for carrier phase positioning, multiple companies [7][14][19][21] propose either not discussing SL carrier phase positioning in RAN1#110, or not considering SL carrier phase positioning in Rel-18. Thus, the FL suggests no further discussion of SL carrier phase positioning in RAN1#110 under this AI.
[bookmark: _Toc111724365](Round 1) Proposal 6.2-1
· No further discussion of SL carrier phase positioning in this meeting under this AI.

	Company
	comments

	InterDigital
	Support

	Nokia/NSB
	Support

	Xiaomi
	Support 

	Intel
	Support.

	Locaila
	Support

	LGE
	Support

	Apple
	Support







Proposals for 1st GTW session
(H) (Round 1) Proposal 2-1.1
· The 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. 
· FFS: Whether to consider other enhancements of the existing DL PRS and UL SRS for better positioning performance
(H)(Round 1) Proposal 3.1-1
· For UE-assisted NR carrier phase positioning, at least consider the following alternatives 
· 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  from the UE to the LMF.
· FFS: the definition of the DL carrier phase difference measurement
· the carrier phase measured from the DL PRS signal(s) of a TRP
· FFS: the definition of the DL carrier phase measurement
(H)(Round 1) Proposal 3.1-2
· For NR carrier phase positioning, the carrier phase measurements obtained by the TRP from the UL SRS for positioning purpose of a UE can be reported from the TRP to the LMF.
· FFS: the definition of the UL carrier phase measurement
(H) Proposal 4.1-1
Capture the following TP into TR 38.859 (Section 6.3.1):
· The use of the positioning reference unit (PRU) to facilitate NR carrier phase positioning has been evaluated during the study item. Based on the evaluation results, the double differential technique with PRU is beneficial and should be considered for NR carrier phase positioning.
(H)(Round 1) Proposal 4.2-1
Capture the following TP into TR 38.859 (for Section 6.3.1):
· The solutions of integer ambiguity for NR carrier phase measurements have been investigated during the study item. Some of them are listed in the following:
· The use of the virtual carrier phases, which are obtained based on the linear combination of the carrier phase measurements of multiple frequencies (or positioning frequency layers); 
· The use of the estimated TOA or slop based on the phase-difference of multiple subcarriers;
· The use of the existing positioning measurements (e.g., RSTD, RTOA)
· The use of the calculated UE position based on existing positioning methods
· The combination of the above methods.

· The evolution results for the effectiveness of these solutions are presented in Section 6.3.2.
(H)(Round 1) Proposal 4.3-1
Capture the following TP into TR 38.859:
· 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.
(H)(Round 1) Proposal 4.3-2
Capture the following TP into TR 38.859:
· The methods of mitigating the impact of multipath for the carrier phase positioning are studied during the study item. Based on the study, the following candidate methods of multipath mitigation are suggested for further consideration:
· The identify and separate the first path and other paths in time-domain/CIR
· The 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 reporting can be considered as a starting point, e.g., sharing of the indicator
· The report of other channel information, such as RSRP/RSRPP/SINR, CIR/CFR, etc.
· FFS: The impact of the candidate methods on the specification.
(H)(Round 1) Proposal 5.1-1
Make the following modification to the previous agreement on the initial phase model:
· In the evaluation of NR carrier phase positioning, the offset between both the initial phase of the transmitter and the initial phase of the receiver can be modeled as a independent random variables uniformly distributed within [0, X2pi].
· Note: The initial phase of a transmitter applies to all carrier phase measurements of the same carrier frequency associated with the transmitter, and the initial phase of a receiver applies to all carrier phase measurements of the same carrier frequency associated with the receiver.
· Possible values of X: 2pi
· Other values FFS
(H)(Round 1) Proposal 5.1-2
· Add a row of "PRU deployment" in Table B.4.X.1-1: NR carrier phase positioning enhancements – evaluation scenarios and parameters” in Draft TR 38.859. 

	Company
	comments

	vivo
	Okay

	Nokia/NSB
	Support

	CATT
	Support

	Samsung
	OK, but proponents need to report the details of PRU, i.e., what is the PRU (UE or TRP) (under what condition, e.g., perfect location information, perfect measurement, perfect reporting etc.);

	Xiaomi
	Support 

	Intel
	OK. Minor point, we can delete “Draft” for the TR reference.

	Ericsson
	Ok

	Qualcomm
	Support

	Apple
	OK
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Observations and proposals in the contributions [1-23]
	1. R1-2208455	Discussion on NR carrier phase positioning	Huawei, HiSilicon

Observation 1: the impact of CFO on carrier phase positioning is negligible.
Observation 2: Double differential carrier phase can eliminate the random initial phase and oscillator-drift of the receiver and the transmitter.
Observation 3: The ARP error deteriorates the carrier phase positioning accuracy even the double differential method (with PRU) is used.
Observation 4: Double differential carrier phase positioning technique can eliminate some influence of PCO.
Observation 5: Multi-frequency carrier phase positioning method is robust to gNB ARP position errors and can achieve centimeter-level positioning accuracy.

Proposal 1:  Rel-18 shall target the accuracy requirement of 1cm@50% for positioning using carrier phase measurement.
Proposal 2: The double differential carrier phase and multi-frequency carrier phase should be considered for carrier phase positioning.
Proposal 3: For carrier phase jointly with DL-TDOA, phase difference between the measuring TRP and reference TRP can be reported by UE.
Proposal 4: For carrier phase jointly with UL-TDOA, relative phase can be reported by TRP.
Proposal 5: For UL carrier phase positioning method, the TRP can report carrier phase measurements on multiple frequencies or distance information computed from multi-frequency carrier phase measurements.
Proposal 6: For DL LMF-based carrier phase positioning method, the UE can report carrier phase measurements on multiple frequencies or distance information computed from multi-frequency carrier phase measurements.


	2. R1-2208650	Discussion on carrier phase measurement enhancements	vivo

Observation 1
· For the carrier phase measurement in the frequency domain with option B, the performance accuracy is 0.43 radian @90% in InF- SH.
· For the carrier phase measurement in the frequency domain with option B, the performance accuracy is 1.36 radian @90% in InF- DH.
Observation 2:
· For the carrier phase measurement in the time domain with option C, the performance accuracy is 1.47 radian @90% in InF- SH.
· For the carrier phase measurement in the time domain with option C, the performance accuracy is 4.41 radian @90% in InF- DH.
Observation 3:
· For the carrier phase measurement in the frequency domain of multipath mitigation CIR with option D, the performance accuracy is 0.23 radian @90% in InF- SH.
· For the carrier phase measurement in the frequency domain of multipath mitigation CIR with option D, the performance accuracy is 0.64 radian @90% in InF- DH.
Observation 4:
· For the carrier phase measurement, the performance of carrier phase measurement degraded significantly in the multiple path/NLoS scenario.
Observation 5:
· For the carrier phase measurement accuracy, the performance of carrier phase measurement in the frequency domain of multipath mitigation CIR with option D is the best compared to the carrier phase measurement in the frequency domain and time domain.
Observation 6:
· For the carrier phase positioning (case 101) with option D (carrier phase measurement in frequency domain of multipath mitigation CIR) and ideal integer cycles, the accuracy is 0.019m @90% and 0.0012@50% in InF- SH.
· Nearly 4 times better performance compared to TDOA @90%
· Nearly 30 times better performance compared to TDOA @50%
· For the carrier phase positioning (case 102) with option D (carrier phase measurement in frequency domain of multipath mitigation CIR) and finer integer cycles estimation with cost function, the accuracy is 0.09@90% and 0.0014m @50% in InF- SH.
· The performance is similar to TDOA's @90%
· Nearly 30 times better performance compared to TDOA @50%
Observation 7:
· For the carrier phase positioning (case 201) with option D (carrier phase measurement in frequency domain of multipath mitigation CIR) and ideal integer cycles, the accuracy is 0.023m @90% and 0.003@50% in InF- DH.
· Nearly 10 times better performance compared to TDOA @90%
· Nearly 18 times better performance compared to TDOA @50%
· For the carrier phase positioning (case 202) with option D (carrier phase measurement in frequency domain of multipath mitigation CIR) and finer integer cycles estimation with cost function, the accuracy is 0.82m @90% and 0.007@50% in InF- DH.
· The performance is worse than TDOA @90%
· Nearly 8 times better performance compared to TDOA @50%
Observation 8:
· For InF-SH scenario, without additional error, the positioning accuracy @50% with carrier phase positioning can be improved to within 1cm.
· For InF-DH scenario, without additional error, the positioning accuracy @50% with carrier phase positioning can be improved to within 1cm.
Observation 9:
· With residual CFO, the positioning performance of carrier phase positioning degrades and may be worse than TDOA only positioning.
· With UE residual CFO 30Hz and TRP residual CFO 10Hz, the accuracy drops to 0.56m @90% in InF- SH.
· With UE residual CFO 100Hz and TRP residual CFO 10Hz, the accuracy drops to 0.66m @90% in InF- SH
Observation 10:
· With ARP error, the positioning performance of carrier phase positioning degrades significantly and was worse than TDOA only positioning.
· With ARP error with T1=1cm, the accuracy is 0.28m @90% in InF- SH.
· With ARP error with T1=5cm, the accuracy is 0.41m @90% in InF- SH
Observation 11:
· With PCO error, the positioning performance of carrier phase positioning degrades. But the performance is still better than TDOA only positioning @50% at least.
Observation 12:
· With initial phase error within [0, 2pi], the positioning performance of carrier phase positioning degrades significantly. And the performance will be worse than TDOA only positioning.

Proposal 1: 
· To reuse the existing signal (SRS, or PRS) for carrier phase measurement.
Proposal 2: 
· The carrier phase measurement is the phase of a fractional part of the propagation time.
Proposal 3: 
· NR carrier phase measurement can be the carrier phase difference between the Transmission Point (TP) and the reference TP
Proposal 4: 
· If carrier phase positioning is not a standalone positioning method, the carrier phase measurement can share existing LoS indication with existing positioning methods.
Proposal 5: 
· For multipath mitigation, the carrier phase measurement in the frequency domain with multipath mitigation（option D）can be adopted.
Proposal 6: 
· The carrier phase positioning cannot be seen as a standalone positioning.


	3. R1-2208736	Views on improved accuracy based on NR carrier phase measurement	Nokia, Nokia Shanghai Bell

Observation 1: In UL CP the PRU needs to transmit the SRS for positioning along with the target UE. 
Proposal 1: No new values of X are added for the initial phase offset model between transmitter and receiver. 
Propsoal 2: Adopt the PCO error model as the final error model on PCO for the SI. 
Proposal 3: For parameters X and Y leave it up to individual companies to provide the specific values used in their evaluations. 
Observation 2: The phase measurement error is less than 1 cm for 80 percent of UEs and the error is less than 4 cm error for 90 percent of the UEs in InF-SH model.
Observation 3: Significantly improved accuracy over Rel-17 is possible with NR CP methods. 
Proposal 4: Include the above results in the TR. 
Proposal 5: RAN1 to conclude that NR CP provides significant accuracy gains over existing techniques. 
Proposal 6: RAN1 to study and identify necessary measurements to support CP positioning for both DL-based positioning and UL-based positioning. 
Proposal 7: RAN1 to study methods for identifying independent taps and/or methods to aid a positioning receiver to determine and report measurements of independent channel taps that correspond to different wireless propagation paths.
Observation 4: The virtual wavelength method may provide the reduced search space of integer ambiguity variables
Proposal 8: RAN1 to study physical layer procedure to support virtual wavelength method to address interger ambiguity problem.
Observation 5: The antenna array phase center may not always aligned with the physical antenna reference point and it affects to phase and timing measurement accuracy.
Proposal 9: RAN1 needs to study antenna phase center offset impact on the carrier phase positioning accuracy and identify potential solutions.
Observation 6: PCO impacts also the SRS transmission of the PRU.
Proposal 10: RAN1 should study the impacts and potential mitigation techniques of antenna phase center offset on PRU transmissions for UL CP. 
Proposal 11: RAN1 to study the CP positioning performance impact by introducing PRU for UE-assisted positioning, and identify the necessary physical layer procedure including aligning measurements by PRU and target UE.
Proposal 12: RAN1 to study/identify the CP positioning performance impact by introducing PRU for UE-based positioning, and identify the necessary physical layer procedure.
Proposal 13: Discuss SL carrier phase only under AI 9.5.1.2 during RAN1#110-bis. 
Observation 7: The ranging error that introduced due to the estimation error in phase is less than 1cm for 80% of realizations for TDL channels (D and E) with dominant LOS path.

Observation 8: The first arrival path of TDL model follows the Ricean distribution, resulting in inherent phase interference introduce due to TDL channel model. An agreement on the treatment of Rayleigh path of the first arrival path is necessary for the LOS path phase study.


	4. R1-2208774	Discussion on improved accuracy based on NR carrier phase measurement	China Telecom
Observation 1: the initial phase offset between the transmitter and the receiver directly destroy the accuracy of distance estimation, which is bound to be eliminated.
Observation 2: the initial phase offset for all the subcarriers of OFDM signals is identical, while is different for carriers in the single carrier signal scheme. Therefore, the elimination of the initial phase offset for OFDM is easier than single carrier signal.
Proposal 1: reuse the existed DL-PRS or UL SRS-Pos for phase based positioning.
Proposal 2: The possible modification on the pattern of reference signal especially the supplement of the short transmission period can be considered.
Proposal 3: apart from the initial phase offset and the CFO, the carrier phase measurement model for positioning should mainly consider the time offset between the transceiver.
Proposal 4: support multiple carrier phase measurements, because it is benefit for integer ambiguity removal, and contribute to performance improvement of distance estimation.
Proposal 5: for the single carrier signal mechanism, support the round trip measurements of phase difference on both sides in order to eliminate the initial phase offset.

	5. R1-2208801	Discussions on Carrier Phase Measurement for NR Positioning	OPPO
Proposal 1: The NR phase measurement-based positioning shall be based on the existing DL PRS and SRS for positioning. 
Observation 1: Integer ambiguity in carrier phase measurement would impair the performance of NR positioning significantly.
Observation 2: Combining carrier phase measurement with DL-TDOA method does not provide better performance than the DL-TDOA method.
Observation 3: Using other positioning method to resolve the integer ambiguity could cause error of integer wavelengths.
Proposal 2: Study using carrier phase measurement of multiple carrier frequencies to resolve the issue of integer ambiguity.
Proposal 3: The UE can measure and report carrier phase of multiple REs in DL PRS and the UE reports the carrier phase measurement and positioning measurement results of legacy positioning method.
Proposal 4: Study measuring and reporting the relative phase of different Tx antenna ports of TRP for positioning.
Proposal 5: Study the PRS enhancement for supporting measuring relative phase of Tx antenna ports of TRP 
Proposal 6: The TRP measures and reports carrier phase of multiple REs in SRS for positioning and the TRP also reports the carrier phase measurement and positioning measurement results of legacy positioning method.


	6. R1-2208983	Discussion on improved accuracy based on NR carrier phase measurement	CATT
Observation 1: Double differential technique with PRU can effectively eliminate the impact of the TRP and UE clock offsets, the TRP and UE initial phase offsets, CFO and the oscillator-drift.
Observation 2: Carrier phase measurements from multiple carrier frequencies are helpful for fast resolution of the integer ambiguity.
Observation 3: The impact of multipath for NR CPP may be mitigated by UE/TRP implementation by the following approaches:
· Mitigating the impact of multipath on the measurements by the improvement of hardware and software design of the antenna and receiver.
· Mitigating the impact of multipath on the positioning solution by advanced data processing and positioning algorithms.
Observation 4: NR carrier phase measurements can be used to get carrier phase-smoothed DL-TDOA, UL-TDOA or Multi-RTT measurements, which have higher accuracy than raw measurements.
Observation 5: NR carrier phase measurement of a single measurement instance can be obtained by either the time domain approach or the frequency domain approach. 
Observation 6: The CRLB of the carrier phase measurement depends on the carrier frequency while the CRLB of the TOA measurement depends on the system bandwidth, which explains why NR CPP can achieve much higher positioning accuracy than TDOA positioning.
Observation 7: For InF-SH scenario, the CPP positioning accuracy can reach 0.0121 m for 90% UEs with the carrier phase measurements from a single carrier frequency without error sources.
Observation 8: For InF-SH scenario, the CPP positioning accuracy can reach 0.0069 m for 90% UEs with 3 carrier frequencies which is more precise than 0.1269 m of  TDOA positioning without error sources.
Observation 9: For InF-DH scenario, the carrier phase positioning accuracy can reach 0.034 m for 90% UEs with the carrier phase measurements from 3 carrier frequencies without error sources.
Observation 10: It is feasible to reach the centimeter-level positioning accuracy by the use of carrier phase measurements from multiple carrier frequencies for both InF-SH and InF-DH scenarios.
Observation 11: For InF-SH scenario, the carrier phase positioning accuracy can reach 0.0178 m for 90% UEs with 3 carrier frequencies which is more precise than 0.154 m of TDOA positioning with ARP error of 1cm.
Observation 12: For InF-SH scenario, the carrier phase positioning accuracy can reach 0.069 m for 90% UEs with 3 carrier frequencies which is still more precise than 0.163 m of TDOA positioning with ARP error of 5 cm.
Observation 13: The carrier phase positioning accuracy will degrade when ARP error increases.
Observation 14: PCO error with example 2 degrades the performance of CPP slightly. The carrier phase positioning accuracy with PCO error can reach 1 cm level for 90% UEs.
Observation 15: For InF-SH scenario, the horizontal positioning accuracy of NR CPP is is 0.1144 m for 90% UEs with single differential technique, and 0.012 m for 90% UEs with double differential technique.
Observation 16: Double differential technique can fully eliminate the influence of frequency error, while single differential technique isaffected by frequency error.
Observation 17: For InF-SH scenario, the horizontal positioning accuracy of NR CPP is 0.1512 m for 90% UEs with single differential technique, and 0.0121 m for 90% UEs with double differential technique.
Observation 18: Double differential technique can fully eliminate the influence of initial phase offset, while single differential technique is affected by initial phase offset.
Observation 19: Double differential technique can effectively eliminate the impact of the TRP and UE clock offsets, the TRP and UE initial phase offsets, CFO and the oscillator-drift.
Observation 20: Multi-carrier NR carrier phase positioning is robust to TRP ARP error.
Observation 21: The existing Rel-16 DL PRS and SRS for positioning can be used as the reference signals for supporting centi-meter level accuracy NR carrier phase positioning based on the evaluation results.
Proposal 1: Double differential technique with PRU should be supported for NR carrier phase positioning.
Proposal 2: Support UE/TRP to report the carrier phase measurements corresponding to multiple carrier frequencies of different carriers, and/or corresponding multiple subcarrier frequencies of the same or different carriers for NR carrier phase positioning. 
Proposal 3: For the indication of LOS/NLOS for Rel-18 NR CPP, the LOS/NLOS indication in Rel-17 can be the starting point.
Proposal 4: Using carrier phase measurements to smooth existing timing measurements can be considered in Rel-18. 
FFS: The impact on the specification.
Proposal 5: For evaluation of NR CPP in Rel-18 SI, initial random phases of TRPs/UEs should be considered to be TRP/UE-specific, e.g., it is the same for all carrier phase measurements of a carrier frequency for a specific TRP/UE.
Proposal 6: The impact of TRP ARP location error should be mitigated in order to improve the carrier phase positioning accuracy.
Proposal 7: The existing Rel-16 DL PRS and SRS for positioning can be used as the reference signal for supporting NR carrier phase positioning in Rel-18. 
· Note: Further optimization of the reference signal on top of existing R16 DL PRS and SRS for positioning may also be considered in Rel-18 or a future release.
Proposal 8: The candidate measurements for carrier phase positioning may include:
· DL/UL carrier phase measurements corresponding to the carrier frequency of a carrier, or corresponding to one or more subcarrier frequencies within the bandwidth of the carrier, between a Tx antenna of a UE/TRP and a Rx antenna of a TRP/UE
· Single differential DL carrier phase measurement between different Tx antennas of a TRP or different TRPs, and a Rx antenna of a UE;
· Single differential DL carrier phase measurement between different UE Rx antennas and a Tx antenna of the TRP;
· Single differential UL carrier phase measurement between different UE Tx antennas and the same Rx antenna of the TRP.
Proposal 9: The candidate information in the measurement reporting for carrier phase positioning may include:
· Measurement quality indications, which include one or a combination of LOS/NLOS indicator, Rician factor, SINR and variance of CPP measurement.
Proposal 10: The existing physical layer procedures for NR positioning can be re-used for supporting NR carrier phase positioning.

	7. R1-2209059	Carrier phase positioning in NR systems	Intel Corporation
Proposal 1: 
· Study LOS/NLOS links classification for the carrier phase measurements to improve the accuracy of the carrier phase positioning methods.
· As a starting point, consider use of Rel-17 LOS/NLOS indicator reporting for NR carrier phase positioning methods.
Proposal 2: 
· Clarify that the initial phase offsets can be modelled separately at transmitter and receiver nodes as independent random variables, each uniformly distributed within [0, 2pi].
Proposal 3: 
· Study introduction of RSTD measurement based on carrier phase estimates of the DL PRS signal at the kth subcarrier frequency for the target and reference TRPs normalized by the carrier frequency (ωc + ωk).
· FFS: If/how to introduce reporting of carrier phase measurements directly.
Proposal 3: 
Proposal 4: 
· Study initial phase calibration of the TX generators for the reference and target TRPs by using the RSTD measurements obtained with the Positioning Reference Unit (PRU) with known coordinates.
Proposal 4: 
Proposal 5: 
· Study carrier phase integer ambiguity resolution using subcarrier measurements within the DL PRS signal bandwidth.
Proposal 5: 
Proposal 6: 
· For carrier phase integer ambiguity resolution, a multi-step process to identify coarse timing based on TOA estimate from processing multiple subcarriers and then using CPP for resolution of the fractional part of the carrier wavelength can be considered as a baseline approach.
Proposal 7: 
· For high accuracy positioning, study TX beamforming phase difference estimation for reference and target TRPs for mitigation of effect of PCO and ARP errors for DL RSTD based methods.
Proposal 8: 
· Study carrier phase-based azimuth and zenith angles of departure measurement for the multi element transmit antenna array for the DL-AOD positioning method.
Proposal 9: 
· Study RSTD measurement for the multi element RX antenna array, which requires RX beamforming phase difference estimation for the reference and target TRPs.
Proposal 10: 
· Study introduction of RTOA measurement based on the carrier phase estimates of the UL SRS signal at the kth subcarrier frequency normalized by the carrier frequency (ωc + ωk).
· FFS: If/how to introduce reporting of carrier phase measurements directly.
Proposal 11: 
· Study initial phase calibration of the RX generators for the reference and target TRPs by using the measurements obtained with the Positioning Reference Unit (PRU) with known coordinates.
Proposal 12: 
· Study RTOA measurement for the multi element TX antenna array, which requires TX beamforming phase difference estimation for the reference and target TRPs.
Proposal 13: 
· Study RTOA measurement for the multi element RX antenna array, which requires RX beamforming phase difference estimation for the reference and target TRPs.
Observation 1: 
· Usage of NLOS links for the carrier phase measurements may lead to positioning error due to an extra time delay associated with the propagation through the reflected path as well as the additional phase shift caused by the reflection from the obstacle.
Observation 2: 
· Differential processing between a receiving node and multiple transmitters can be used to eliminate the unknown initial phase offset at receiver.
Observation 3: 
· For NR CPP in the DL, RSTD measurement based on carrier phase estimates of the DL PRS signal at the kth subcarrier frequency for the target and reference TRPs normalized by the carrier frequency (ωc + ωk) can be introduced.
Observation 4: 
· The accuracy of RSTD measurement based on carrier phase differences can be improved by averaging over N subcarriers comprising the DL PRS signal spectrum.
Observation 5: 
· The initial phase difference between the TX generators of the reference and target TRPs needs to be calibrated to perform accurate RSTD measurements based on carrier phase differences.
Observation 6: 
· The initial phase calibration of the TX generators for the reference and target TRPs can be performed by using RSTD measurements obtained with the Positioning Reference Unit (PRU) with known coordinates.
Observation 7: 
· The initial phase calibration of the TX generators for the reference and target TRPs allows to improve the accuracy of the carrier phase based RSTD positioning.
Observation 8: 
· The larger the carrier frequency, the more accurate estimate can be achieved for RSTD carrier phase-based measurement.
Observation 9: 
· The advantage of accuracy for the high carrier frequency comes at the expense of the integer ambiguity issue for RSTD carrier phase-based measurement.
Observation 10: 
· The carrier phase ambiguity issue can be resolved by using the subcarrier measurements within the DL PRS signal bandwidth.
Observation 11: 
· The phase estimate and corresponding time measurement obtained using subcarrier measurements is not sensitive to the phase difference of the TX generators and calibration using PRU is not required in that case.
Observation 12: 
· The accuracy of the phase estimate and corresponding time measurement is higher for the lager subcarrier spacing.
Observation 13: 
· For the multi element transmit antenna array, the additional phase shift associated with the TX beamforming (and modelled as PCO) may have an impact on the carrier phase RSTD measurement and needs to be taken into consideration.
Observation 14: 
· Additional phase shifts caused due to TX beamforming (PCO) and ARP errors have an additive effect – while ARP errors may be of static nature, phase shifts due to TX beamforming may be of more time-varying nature.
Observation 15: 
· For high accuracy, RSTD measurements based on carrier phase estimates for the multi element TX antenna array requires TX beamforming phase difference estimation for the reference and target TRPs.
Observation 16: 
· For the multi element RX antenna array, the additional phase shift associated with the RX beamforming may have an impact on the carrier phase RSTD measurement and needs to be taken into consideration.
Observation 17: 
· The RSTD measurement for the multi element RX antenna array requires RX beamforming phase difference estimation for the reference and target TRPs.
Observation 18: 
· For NR CPP in the UL, RTOA measurement based on carrier phase estimates of the UL SRS signal at the kth subcarrier frequency normalized by the carrier frequency (ωc + ωk) can be introduced.
Observation 19: 
· The initial phase calibration of the RX generators for the reference and target TRPs can be performed by using measurements obtained with the Positioning Reference Unit (PRU) with known coordinates.
Observation 20: 
· The initial phase calibration of the RX generators for the reference and target TRPs allows to have a common reference time for RTOA measurements across all TRPs.
Observation 21: 
· For the multi element transmit antenna array, the additional phase shift associated with the TX beamforming may have an impact on the carrier phase RTOA measurement and needs to be taken into consideration.
Observation 22: 
· The RTOA measurement for the multi element TX antenna array requires TX beamforming phase difference estimation for the reference and target TRPs.
Observation 23: 
· For the multi element RX antenna array, the additional phase shift associated with the RX beamforming may have an impact on the carrier phase RTOA measurement and needs to be taken into consideration.
Observation 24: 
· The RTOA measurement for the multi element RX antenna array requires RX beamforming phase difference estimation for the reference and target TRPs.



	8. R1-2209152	Discussion on NR carrier phase positioning	NEC

Observation 1: Integer cycle of phase with different carrier frequency represents different linear propagation distance.
Proposal 1: How to quantitate the received carrier phase (also accompany with integer part) in the specification and report it from UE side should be further studied.


	9. R1-2209215	Discussion on carrier phase measurement based positioning	ZTE

Observation 1: In InF-SH, assuming receiver can get perfect phase between itself and the transmitter, very high positioning accuracy can be achieved, especially under a large searching range of integer values.
Observation 2: PRU can alleviate the random initial phase error at gNB side from (0~2π) to about (0~0.02*2π) (i.e., 98% reduction).
Observation 3: The carrier phase error from initial random phases at both TRP and UE sides can be mitigated by dual differential operation with the help of PRU.
Observation 4: The carrier phase error within one site can be removed by single differential operation for the case of carrier phase method from multiple frequency sections in one carrier.
Observation 5: An appropriate scope of integer should be given for integer search.
Observation 6: The maximum ΔΦ is 0.0067*2π=0.0419 Rad for CFO=100Hz, BW=100MHz, SCS=30kHz, CombSize=2.
Observation 7: A small frequency error has minor impact on CPP even under perfect Φ.
Observation 8: The phase error ΔΦ=0.0067*2π=0.0419 Rad from CFO is much less than the phase estimation error@CDF=90% which is about 0.037*2π=0.2325 Rad.
Observation 9: A small frequency error has negligible impact on CPP under practical Φ.
Observation 10: More phase estimation error cause larger location error in the case without help of PRU or differential operation.
Observation 11: The maximum Δd is 0.1414m (2D) or 0.1732m (3D) for ARP error=5 cm.
Observation 12: The corresponding ΔΦ is Δdmax /λ=((0.1414/0.0857) mod 1.0)*2 π=0.6511*2 π=4.091 Rad (for 2D) for single Φ@3.5GHz, or 0.0472*2 π=0.2966 Rad (for 2D) for dual Φ@100MHz bandwidth.
Observation 13: A small ARP error has large impact on CPP under perfect Φ, especially, for a short wave length.
Observation 14: A long virtual wave length is helpful for alleviating the impact from ARP error.
Observation 15: A small ARP error has significant impact on CPP under practical Φ, especially, for a short wave length.
Observation 16: The UE can report the carrier phase with corresponding phase uncertainty, to evaluate the rationality of other positioning techniques.
Proposal 1: For multiple segments CP report within a carrier, center frequency or λ should be informed for each of each segment.
Proposal 2: The scope of integer N should be configured / reported for carrier phase based positioning.
Proposal 3: Phase or phase difference report should be supported at least for TDOA.
Proposal 4: The same Phase Error Group(PEG) should be used for CP measurement.
Proposal 5: The scope of integer N in OTDOA could be configured based on the measurement uncertainty.
Proposal 6: The scope of integer N in AOA/AOD could be configured based on the angle measurement uncertainty.
Proposal 7: The scope of integer N for different carrier could be selected based on the frequency feature.
Proposal 8: The number of carrier phases to be reported could be determined based on the positioning accuracy and measurement overhead requirements.


	10. R1-2209293	Improved accuracy based on NR carrier phase measurement		xiaomi

Proposal 1: Study multi-carrier based carrier phase positioning as the potential solution for integer ambiguity based on UE capability.
Proposal  2: Support positioning report containing the carrier phase and the corresponding carrier frequency for multiple carrier frequencies.
Proposal  3: Study relative carrier phase measurement between RSs from different TRPs.
Proposal  4: Study PRU assisted carrier phase measurement for phase error mitigation.
Proposal  5: Study to report the Doppler parameters combined with the carrier phase value, or to report the adjusted carrier phase value based on Doppler parameters. 
Proposal  6: Support the carrier phase for first path and additional path, and to report the likelihood of LoS path by LoS/NLoS indicator for each path carrier phase. 


	11. R1-2209343	Discussion on carrier phase positioning	CMCC

Observation 1: The carrier phase measurement can be obtained in frequency domain or time domain of the base band signal.
Observation 2: By estimating the first path, the carrier phase measurement in time domain can help suppress the impact of multipath.

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.
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.


	12. R1-2209395	On NR carrier phase measurements	Lenovo

Observation 1: The accuracy requirements may be more stringent compared to past methods, based on the carrier wavelength, however the requirements may be different based on indoor and outdoor scenarios.
Observation 2: The study of new RS designs for carrier phase may lead to larger specification impact.
Observation 3: Re-using the current OFDM-based PRS/SRS design may provide some challenges due to the lack continuity in time to accurately estimate the carrier phase.
The proposals are summarized as follows:
Proposal 1: RAN1 to study and define the performance requirements of carrier phase positioning in terms of horizontal and vertical accuracy requirements based on the FR1/FR2 carrier wavelengths as well as distinguishing the accuracy according to different environments, e.g., indoor vs outdoor.

Proposal 2: To improve the positioning performance of NR by applying the carrier phase positioning method, the PRS waveform should be continuous. This is enabled by performing raised cosine technique over the PRS waveform.

Proposal 3: To improve the positioning performance of NR by applying the carrier phase positioning method, contiguous mapping of PRS generating sequence in time domain needs to be studied.

Proposal 4: The range of values of the frequency offset  and the number of contiguous symbols  for accurate carrier phase measurements need to be further investigated.

Proposal 5: RAN1 to further study the support of narrower bandwidth configurations for carrier phase-based positioning.

Proposal 6: Support the use of Positioning Reference Units (PRUs) to help mitigate the following carrier phase errors:
· To assist in providing an upper and lower bound on the integer ambiguity (IA) based on the selection of PRUs in the vicinity of the target-UE, which reduces IA search space.
· Initial phase offset errors

Proposal 7: Time-varying residual CFO has a negative impact on the transmission and reception phase of PRS(DL)/SRS(UL), which affects the accuracy of the carrier phase measurements, and additional residual CFO tracking, and compensation techniques could be studied for the carrier phase positioning case.


	13. R1-2209489	Discussion on positioning based on NR carrier phase measurement	InterDigital, Inc.
Proposal 1: Postpone the study of SL carrier phase positioning to a future release beyond Rel. 18.
Proposal 2: Study transmission and reception modes (e.g., 2 TX 1RX, 1Tx 2 RX) for phase-difference based positioning.
Proposal 3: For DL-based positioning, at least the following positioning methods should be supported: NR carrier phase positioning and joint carrier phase and DL-RSTD.
Proposal 4:  Study assistance information that allows the UE or network to mitigate unknown phase offset in phase measurements, e.g., phase error group.
Proposal 5: Study new PRS designs for carrier phase measurements for UL and DL.
Proposal 6: A method to differentiate multiple PRSs, if they are transmitted at the same time-frequency resource, should be identified.
Proposal 7: Support the UE to select and report the reference for phase difference measurements.
Proposal 8: Support the UE to report the estimated number of cycles of a received carrier.
Proposal 9: Support the UE to perform PRS measurement in multiple frequencies in one measurement window.
Proposal 10: Support the UE to report the phase measurement in multiple frequencies in one measurement reporting.
Proposal 11: Study the condition under which carrier phase should be measured and reported based on e.g., 
· LOS/NLOS value
· RSRP
Proposal 12: Support PRU for NR carrier phase-based positioning.
Proposal 13: Support both UE-based and UE-assisted NR carrier phase positioning.
Proposal 14: Study a mechanism to transfer measurements from the PRU to the UE in UE-based positioning.

	14. R1-2209534	NR carrier phase measurements for positioning 	Faunhofer IIS, Fraunhofer HHI

Observation 1: 	Majority of the proposed methods mainly depend on the phase measurement corresponding to LOS path.
Observation 2: 	Certain methods may have different constraints which is related to feasibility of the method. If the feasibility is clarified, the corresponding specification impact is expected to be straightforward.

Observation 3: 	The phase change resulting from movement may be different for each multipath component.
Observation 4: 	Compared to the TDoA (time difference of arrival) the PDoA (phase difference of arrival) shows a significant higher accuracy and a much lower sensitivity to the reduced bandwidth, even for scenarios considering multipath components with the opposite phase gradient as the LOS signal.
Proposal 1: 	The carrier phase shall be determinable for different parts of the CIR , wherein each part may represent a path related to a multipath cluster reporting of the channel impulse response and shall be measured in the delay domain.
Proposal 2: 	Support reporting the phase measurements from the delay domain for the first and additional paths (N-path reporting for the phase).
Proposal 3:	Consider one or more of the following options for the delay domain phase measurement: 
- Option 1: The first path and N-path reporting is extended by a phase value for each reported path
- Option 2: A magnitude and phase of the complex valued correlation value associated to the path is reported. 
- Option 3: The full complex valued CIR for a given length is reported.
	- Option 4: Relevant parts of the complex valued CIR are reported.
Proposal 4: 	Support phase based smoothing for DL-TDoA and UL-TDoA methods in Rel-18. 
	Consider the signaling of the coherency transmission status to the UE (UE based positioning) or to the LMF to notify on the applicability of phase based smoothing.
Proposal 5: 	Support double difference method for phase based positioning enhancements utilizing PDoA measurements for RTT measurements without synchronization of the UE and the TRP.
Proposal 6: 	In case of carrier aggregation using several bandwidth limited signals multipath effects causing phase ripple per BWP shall be taken into account for the evaluation of the performance of carrier phase measurements.


	15. R1-2209543	Discussion on double difference method and gNB synchronization	Locaila
Proposal 1) Change the CFO metric in Table A.3-1 of current TR38.859 as below table. 
Table A.3-1: Assumptions for evaluation of NR carrier phase positioning
	Assumptions
	Value

	Scenarios
	· Baseline: InF-SH, InF-DH
· Optional: Indoor Open Office, Umi, Highway scenarios
· Note 1: Other evaluation scenarios are not precluded
· Note 2: Existing Rel-17 DL/UL reference signals for the Uu interface are to be used for the Highway scenario.

	Frequency errors – Note 1
	Ideal
	Practical

	Initial residual CFO 
(is the same for one measurement instances [or multiple phase measurement instances])
	0 (UE/TRP)
	Uniform distribution within:
•	[-30, +30] Hz (FR1, UE), [-100, +100] Hz (FR1, UE), 
•	[-120, +120] Hz (FR2, UE), [-400, +400] Hz (FR2, UE),
•	[-10, +10] Hz (for each TRP, FR1),
•	[-40, +40] Hz (for each TRP, FR2).
•	[-100, +100] Hz (FR1, UE, 1GHz)
•	[-400, +400] Hz (FR1, UE, 4GHz)
•	[-3K, +3K] Hz (FR2, UE, 30GHz)
•	[-7K, +7K] Hz (FR2, UE, 70GHz)
•	[-20, +20] Hz (FR1, TRP, 1GHz)
•	[-80, +80] Hz (FR1, TRP, 4GHz)
•	[-600, +600] Hz (FR2, TRP, 30GHz)
•	[-1.4K, +1.4K] Hz (FR2, TRP, 70GHz)


	Oscillator-drift 
(is the same for one or multiple phase measurement instances for positioning fix)
	0 (UE/TRP)
	Uniform distribution within:
•	[-0.1, 0.1] ppm (UE) 
• [-0.02, +0.02] ppm (each TRP) within measurement duration



 Proposal 2) RAN1 should study the traffic burden related to oscillator accuracy when employing the proposed double difference method.
 Proposal 3) RAN1 should study the alternative method for carrier phase synchronization efficient than double difference method. 
 Proposal 4) We propose to study the proposed master-slave gNB synchronization structure and capture the solution in TR 38.859 as an alternative for double difference method.
 Proposal 5) We propose to remove CFOs of TRPs defined in table A.3-1 in current TR38.859 on the case that proposed master-slave gNB synchronization structure is assumed.
 Proposal 6) For efficient carrier phase measurement and synchronization, re-designing of current NR PRS is necessary.
 Proposal 7) Study the proposed continuous PRS sequence with subcarrier allocation method to improve the phase measurement accuracy.

	16. R1-2209546	Views on NR carrier phase measurement for positioning accuracy enhancement	IIT Kanpur, CEWiT

Observation 1: PRU can act as an effective node for correcting the errors in the phase measurements for carrier phase-based measurements.
Proposal 1: Carrier phase difference measurement should be used as measurement quantity for carrier-phase based positioning. 
Proposal 2: PRU should be used to remove the measurement error across TRPs for at least synchronization and clock errors in TRP for carrier phase-based measurements.
Proposal 3: For integer ambiguity detection, at least the following options should be studied:
· Option 1: based on the TOA obtained from the phase-difference of multiple subcarriers within a carrier bandwidth
· Option 2: based on one single or the combination of existing measurements (e.g., RSTD, RTOA, etc.)
· Option 3: based on the slope of the carrier phase measurement with respect to frequency
· Option 4: combination of above approaches 

Proposal 4: For the purpose of evaluation, the following target accuracy requirement is considered for NR carrier phase positioning:
· Horizontal position accuracy (<10 cm for 80%) of UEs


	17. R1-2209738	Discussion on NR Carrier Phase Measurement	Samsung

Proposal 1: Study the use of Rel-16 DL and UL positioning reference signals with no or small Comb for the carrier phase method.
Proposal 2: Study the use of Rel-16 DL and UL positioning reference signals using the same frequency offset () across OFDM symbols of a slot for the carrier phase measurement.
Observation 1: PRU can be considered for elimination of gNB and UE clock biases, but at the expense of additional network topology complexity.
Proposal 3: RAN1 to study how to provide PRU or PRU-like functionality under existing system.
Proposal 4: Study the use of round-trip carrier phase measurement to eliminate UE and gNB clock biases. The round trip carrier phase measurement is the sum of the DL carrier phase measurement at the UE and the UL carrier phase measurement at the gNB.
Observation 2: If the coarse position estimate of the legacy-based positioning methods is accurate enough, the carrier phase measurement can be used to further improve the positioning accuracy.
Proposal 5: Study using legacy-based positioning measurements to estimate the number of integer cycles between the gNB and the UE.
Proposal 6: Study using multiple carriers to determine a phase of a virtual carrier with a lower virtual frequency.
Observation 3: Using a combination of both long wavelength and short wavelength, we get a better carrier phase measurement result.
Proposal 7: Study using the slope of the carrier phase measurement relative to frequency with multiple sub-carrier measurements to eliminate the integer ambiguity.
Proposal 8: Study methods to mitigate the effect of the phase centre offset, e.g., measuring carrier phase of 3 gNBs with rays that are sufficiently close in the spatial domain at the UE.
Observation 4: NLOS conditions and multi-path reflections impact the accuracy and usability of the carrier-phase method.
Proposal 9: Study the condition for applying CPP method based on the NLOS and multi-path including first path detection.
Proposal 10: Study and evaluate the performance of carrier-phase difference measurement for estimating the angle of arrival at the UE.
Proposal 11: Study and evaluate the performance of carrier-phase difference measurement for estimating the angle of departure at the UE or the gNB.
Proposal 12: Study and evaluate the use of the UEs mobility to create a virtual antenna array.
Observation 5: Round-trip carrier phase derivative with respect to carrier frequency can provide centimetre level accuracy. 
Observation 6: The phase estimation in frequency domain is seriously degraded by multi path effect.
Observation 7: Multi-path mitigation method could provide better phase estimation when LoS path probability is low.
Observation 8: With larger phase error and ARP error, the performance is degraded severely. 



	18. R1-2209785	Views on improved accuracy based on NR carrier phase measurement	Sharp
Proposal 1: 
· Do not consider the phase-difference measurements for DL-AoD.
Proposal 2: 
· Subcarrier-level phase difference report can be discussed as the solution for the integer ambiguity issue.
Observation 1: 
· Phase-smoothed timing measurements can be done by configuring both Rel-18 carrier phase measurement and Rel-17 method.

	19. R1-2209805	Discussion on OFDM based carrier phase measurement in NR	LG Electronics

Proposal 1: Consider both carrier phase measurement and subcarrier phase measurement based positioning methods. 
Proposal 2: Consider RSPD report for the carrier phase measurement.
Proposal 3: Study whether and how to utilize PRU for performing double differencing at least for UE-assisted positioning method. 
Proposal 4: Consider nested RTT method for the carrier phase measurement based positioning
Proposal 5: Method for integer ambiguity resolution should be subject for further studies. 
   
Observation 1: High positioning accuracy within a wavelength of the carrier frequency can be achieved by carrier phase measurement in NR OFDM system, but it has poor integer ambiguity condition. 
Observation 2: The subcarrier phase measurement is more robust against integer ambiguity than the carrier phase measurement. 
Observation 3: The subcarrier phase measurement does not require additional method for TX-RX phase calibration since it is based on differencing.
Observation 4: Utilizing the subcarrier phase measurement alone may not enough to achieve centimetre level accuracy. 
Observation 5: Utilizing timing based positioning (e.g. ToA and TDoA) can help to resolve the integer ambiguity problem by reducing search space for integer value.
Observation 6: Accuracy of the initial ToA or TDoA estimate has the direct impact on the CPM outcome.
Observation 7: Utilizing multiple component carriers can help to resolve the integer ambiguity problem but cost additional UE complexity.
Observation 8: For the CPM positioning and especially for the indoor scenarios, both horizontal and vertical positioning accuracy should be addressed.
Observation 9: Higher ToA positioning accuracy can be achieved as larger BW size is used.
Observation 10: For the baseband ToA positioning, the vertical (Z-coordinate) accuracy is much worse than horizontal, due to scenario geometry and singular same-height BS placement. 
Observation 11: For the 100 MHz BW, 90% of UEs can achieve centimeter level accuracy for both the horizontal and vertical positioning when no synchronization error is assumed. 
Observation 12: Higher CPM based positioning accuracy can be achieved as larger BW size is used. 


	20. R1-2209909	Discussion on improved accuracy based on NR carrier phase measurement	NTT DOCOMO, INC.

Observation 1: 
· Regarding integer ambiguity resolution based on multiple carrier frequencies, which frequency granularity (e.g., multiple subcarriers or multiple positioning frequency layers) should be discussed.
Observation 2: 
· The benefits of using TOA instead of existing measurement metric as RSTD/RTOA should be discussed firstly.
Observation 3: 
· Integer ambiguity resolution based on the slope of the carrier phase measurement with respect to frequency needs to be discussed to clear the mechanism and concept.
Proposal 1: 
· The carrier phase measurement can be used to adjust the measurement results of timing-based measurements such as RSTD and RTOA.
Proposal 2: 
· Assistance data which provides helpful information to operate NR carrier phase measurement can be studied.
Proposal 3: 
· Phase difference-based DL-AoD is out of the scope in Rel-18 NR.
Proposal 4: 
· It may be better to postpone the study of SL carrier phase positioning in future release.


	21. R1-2209992	Phase Measurements in NR Positioning	Qualcomm Incorporated

Observation 1: Phase-Difference-based AoD is a positioning method that demonstrates performance gains in scenarios with small number of Tx beams at the transmitter side (e.g. FDD scenarios)
· A performance of 1m at 80% in the InF-SH scenario, with 20 MHz, is achievable with Phase-Difference DL-AoD, whereas the legacy RSRPP-based DL-AoD, with 2 or 4 Tx beams achieve 5 and 2.2 m respectively

Proposal 1: Clarify the definition of measurement duration for oscillator drift modeling
Proposal 2: Study supporting Phase-Difference AoD. 


	22. R1-2210099	On NR carrier phase measurement	MediaTek Inc.

Observation 2-1: The brute force search for the integer cycle number may fall into a solution of local minimum when the fractional cycle measurement error is larger than a threshold
Observation 2-2: From the simulation, the fractional cycle error after any cancellation method may need to be kept within 0.025 wavelength to ensure the integer cycle search performance
Proposal 3-1: UE may optionally report the uncertainty range of the integer cycle number for the measurement (for example, DL-RSTD measurement)
Proposal 3-2: RAN1 to further study the feasibility of the detection of uncertainty range of the integer cycle number and the reporting of the uncertainty range

	23. R1-2210177	Improved accuracy based on NR carrier phase measurement	Ericsson
Observation 1	The fact that carrier phase measurements give range information makes it natural to combine with other range methods for positioning, e.g., DL-TDOA, UL-TDOA and Multi-RTT.
Observation 2	Hybrid positioning with CPP and RTT or DL-TDOA or UL-TDOA is expected to have limited impact on the radio interface since carrier phase and time-of-arrival measurements can be performed jointly on the same reference signals.
Observation 3	The carrier phase computed for all paths jointly can be significantly different compared to the phase of the LOS path in multipath environments.
Observation 4	The carrier phase measurement can be obtained from the complex angle of the estimated channel impulse response at the delay of the LOS peak.
Observation 5	Reporting the carrier phase of individual subcarriers does not add any information compared to reporting the center carrier phase and the estimate time-of-arrival of the reference signal.
Observation 6	A Multi-hypothesis Integer Ambiguity Resolution can be combined with hybrid positioning and wide lane methods in the following ways: i) some hypothesis may be ruled out because they are inconsistent,  ii) a prior probability may be associated with each hypothesis.
Observation 7	With 3 TRPs (positioning in 2D) resp. 4 TRPs (positioning in 3D), any hypothesis for N together with the carrier phase measurements gives an exact solution for the UE position. Consequently, Multi-hypothesis IAR is not possible since all measurement residuals are zero.
Observation 8	For successful Multi-Hypothesis IAR, a redundancy in number of TRPs is needed, especially when the accuracy of each carrier phase measurements is reduced.
Observation 9	Joint position and phase offset estimation with m TRPs and n UEs can be done when  for positioning in 3D and when  for positioning in 2D.
Observation 10	We observe spatially correlated measurement errors from the channel InF channel. The errors for two nearby UEs are of similar magnitude but the error for two spatially separated UEs can vary a lot.
Observation 11	A higher density deployment of PRUs used for double-differentiation gives better positioning performance.
Observation 12	The positioning errors increases with larger ARP errors.
Observation 13	Single and double differentiation schemes to cancel out phase offsets requires that 1) For one specific receiver, the Rx phase offset is the same for received signals from all transmitters, and 2) For one specific transmitter, the Tx phase offset is the same for transmitted signals to all receivers.
Observation 14	Tracking the carrier phase over time can be used to detect “cycle slips” and resolve the integer ambiguity problem.
Observation 15	Tracking the carrier phase over time requires measurement updates with a very short period.

Proposal 1	Carrier phase-based positioning using sidelink measurements shall not be considered in NR Rel. 18.
Proposal 2	Any definition of carrier phase measurements should consider the aspect of multipath propagation.  i) One option is to assume that the measurement is for the first path. ii) Another option is to define carrier phase measurements for additional paths.
Proposal 3	We propose that the TR captures the result of Observation 5, repeated:  Reporting the carrier phase of individual subcarriers does not add any information compared to reporting the center carrier phase and the estimate time-of-arrival of the reference signal.
Proposal 4	Capture the conclusion of Observation 8 in the technical report: For successful Multi-Hypothesis IAR, a redundancy in number of TRPs is needed, especially when the accuracy of each carrier phase measurements is reduced.
Proposal 5	Study if a 2D positioning assumption is realistic when the target accuracy level is in the order of centimetres/ decimetre.
Proposal 6	Study different ways for phase offset estimation and phase alignment, including joint position and phase offset estimation using multiple UEs.
Proposal 7	When reporting results for carrier phase-based positioning accuracy, if PRUs are used for double-differentiation then the PRU deployment should be reported.
Proposal 8	Study variations in phase offset due to angle of departure and angle of arrival and methods to mitigate them.
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