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[bookmark: _Toc69027112][bookmark: _Toc48211438][bookmark: _Toc62397266][bookmark: _Toc54553015][bookmark: _Toc54552893][bookmark: _Toc32744954][bookmark: _Toc111724340]Introduction
The Rel-18 SI “Study on expanded and improved NR positioning” was approved in RAN1#94e (RP-213588) [22]. One of the SI objective is:
· 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

[bookmark: _Toc48211442][bookmark: _Toc54552895][bookmark: _Toc54553017][bookmark: _Toc48211440][bookmark: _Toc511230578][bookmark: _Toc511230715]In this contribution, we summarize the related issues and proposals based on the contributions submitted to RAN1#110 under agenda item 9.5.2.2 [1-21], which include the following aspects: 
· NR Carrier Phase Measurements
· Differential carrier phase measurements
· Phase Differences for DL-AOD	
· Integer Ambiguity
· Multipath for Carrier Phase Positioning
· Antenna Phase Centre Offsets
· Phase-smoothed timing measurements
· Time and Frequency Adjustments for carrier phase positioning
· TRP time synchronization	
· RTT carrier phase positioning
· Assistance data for carrier phase positioning
· Sidelink carrier phase positioning
· Methods for the estimation of the carrier phase measurements
· Target Performance Requirements for Carrier Phase Positioning
· Additional Evaluation Assumptions
· Evaluation Results
· Reference Signals for Carrier Phase Measurements	

Note: The FL proposals may be ranked with (H) as high priority for online/offline sessions. Companies are encouraged to provide inputs for all proposals. The FL may adjust the ranks of the proposals based on the inputs during the meeting.  

[bookmark: _Toc111724341]NR Carrier Phase Measurements
	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, R1-2205870[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, R1-2205870[1]) Proposal 4: For carrier phase jointly with UL-TDOA, relative phase can be reported by TRP.
· (Huawei, R1-2205870[1]) Proposal 5: For UL carrier phase positioning, the TRP can report multiple carrier phase measurements corresponding to different frequencies.
· (Huawei, R1-2205870[1]) Proposal 6: For DL carrier phase positioning, the UE can report multiple carrier phase measurements corresponding to different frequencies.
·  (vivo, R1-2206048[3]) Proposal 2:	The carrier phase measure is the phase of a fractional part of the propagation time.
· (vivo, R1-2206048[3]) Proposal 3:	NR carrier phase measurement can be the carrier phase difference between the Transmission Point (TP) and the reference TP
·  (OPPO, R1-2206274[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, R1-2206274[5]) Proposal 4: Study measuring and reporting the relative phase of different Tx antenna ports of TRP for positioning.
· (OPPO, R1-2206274[5]) Proposal 5: Study the PRS enhancement for supporting measuring relative phase of Tx antenna ports of TRP 
· (OPPO, R1-2206274[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, R1-2206407[6]) Proposal 4: The performance of the NR carrier phase positioning can be evaluated with the carrier phase measurements from a single carrier frequency or multiple carrier frequencies in Rel-18.
· (CATT, R1-2206407[6]) Proposal 7: Candidate DL/UL measurements for NR CPP may include:
· The carrier phase measurement (Phase Of Arrival, POA) of a carrier frequency
· Differential carrier phase measurement (Phase Difference Of Arrival, PDOA)
· POA difference between different UE/TRPs
· POA difference between different antennas of same UE/TRP
· POA difference between different carrier frequencies (or subcarriers) of the same carrier within the carrier bandwidth
· Measurement quality indications, which include one or a combination of the following items:
· LOS/NLOS indicator
· Rician factor
· SINR
· The variance of CPP measurement.
· (Nokia, R1-2206491[7]) Proposal 3: RAN1 to study and identify necessary measurements to support CP positioning for both DL-based positioning and UL-based positioning.
· (Intel, R1-2206590[9]) Proposal 2: 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, R1-2206590[9]) Proposal 9: 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.
· (China Telecom, R1-2206694[10])Proposal 4:  Study the time domain behavior of the measurement report, including one-shot, triggered, aperiodic, semi-persistent and periodic.
· (China Telecom, R1-2206694[10])Proposal 5: It is preferred for the measurement be a high-layer report. 
· (Xiaomi, R1-2206651[11]) Proposal 2: Study relative carrier phase measurement between different TRPs.
·  (InterDigital, R1-2207090[14]) Proposal 8: Support the UE to perform PRS measurement in multiple frequencies in one measurement window.
· (InterDigital, R1-2207090[14]) Proposal 9: Support the UE to report the phase measurement in multiple frequencies in one measurement reporting.
· (LGE, R1- 2207710[18]) Proposal 1: Consider both carrier phase measurement and subcarrier phase measurement based positioning methods. 
· (LGE, R1- 2207710[18]) Proposal 2: Consider RSPD report for the carrier phase measurement.

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”. 
In this meeting, multiple companies have investigated the benefits of using carrier phase measurements from multiple frequencies for NR carrier phase positioning [1][5][6][9][14][18]. In FL’s understanding, for the carrier phase measurements from multiple frequencies the different carrier frequencies may or may not be in the same carrier bandwidth, the same band, or the same frequency range, or the same positioning frequency layer.
Another issue is the report of the carrier phase measurement, for DL-TDOA positioning, the RSTD measuremens can be seen as a single differencial measurement between the TOAs from two TRPs (or DL PRS resources). For NR carrier phase positioning, we may follow the same approach is to report the difference between the carrier phase of measuring TRP and the reference carrier phase of TRP [1][3][11][18], or we may report the carrier phase measurements, as in GNSS carrier phase positioning. There are different advantages for either of the approaches. The former allows removing some of the UE specific errors from the reported carrier phase measurements.  The potential issue is the lack of flexibility for dealing with the issues in the measurements. For example, if there is any issue related to the carrier phase measurements of the reference TRP, it may impact all of the measurements. Thus, it requires the UE to be able to select the best TRP as the reference TRP. On the other hand, if carrier phase measurements for each TRP are reported, it gives the LMF the freedom to decide which TRP should be selected as the reference TRP. Thus, the FL suggests a further discussion on whether to report the carrier phases or carrier phase difference by the UE. 
[bookmark: _Toc111724342](H)(Round 1) Proposal 2-1
· For DL carrier phase positioning, support a UE to provide the carrier phase measurements of one frequency or multiple different frequencies. The multiple different frequencies may be:
· the frequencies in the same carrier (e.g., the center frequency of a carrier, and the frequency of a subcarrier within the carrier bandwdith), or in different carriers;
· the frequencies in the same band or different bands;
· the frequencies in the same or different frequency ranges.
· For UL carrier phase positioning, support a TRP to provide the carrier phase measurements of one frequency or multiple different frequencies. The multiple different frequencies may be:
· the frequencies in the same carrier (e.g., the center frequency of a carrier, and the frequency of a subcarrier within the carrier bandwdith), or in different carriers;
· the frequencies in the same band or different bands;
· the frequencies in the same or different frequency ranges.
· Further study how to configure or define the frequency(ies) for UE/TRP to report the carrier phase measurements
· Further study how the carrier phase measurements are reported

	Company
	comments

	Locaila
	We support following option for both UL and DL

o the frequencies in the same carrier (e.g., the center frequency of a carrier, and the frequency of a subcarrier within the carrier bandwdith)

For other options, two issues must be discussed:
1) Wether the frequency gap between different bands or frequency ranges is good enough for resolving the Integer ambiguity.
-  if the gap is too far, the wavelength of virtual carriers is too narrow and the integer number search will be inefficient

2) Wether the multi-band methods can guarantee fair market competition between operators of different frequency bands
           -   if a small operator doesn’t have multiple frequency bands, such operators may not be able to provide carrier phase positioning service.
            - the service performance will be very different depends of frequency band occupancy of operators.

Therefore, we argue that the standard method should provide fair ground for market competition, and use of multiple subcarriers is one option available to any operator. 


	vivo
	We have some concerns about supporting something in the study item.
Firstly, more clarification and study are needed for the carrier phase measurements of multiple different frequencies. For example, whether the measurement of multiple different frequencies is at the same time or at different times. If at the same time, transmitting DL PRS in multiple carriers simultaneously is not supported and is being studied in parallel. If at a different time, whether the impact of UE movement is considered for performance evaluation for the carrier phase measurements of multiple different frequencies given the cm level will lead larger carrier phase positioning error. In addition, the impact of  RF returning time, phase offset, ARP error among different carriers (especially in different bands / different frequency ranges case) on the performance of the carrier phase measurements of multiple different frequencies.is unclear. So, maybe more research is needed before reaching relevant conclusions


	ZTE
	We are general fine with the proposal. However, we have the similar feeling with other companies, this is just second meeting of SI, more investigation and simulation results may be needed to better justify the gain. Perhaps, we can change ‘support’ to ‘consider’. 

	MTK
	Similar view as ZTE that it may be too early for saying “support”. 
Since for carrier phase measurement,  a TOA consists of fractional cycle + integer cycle, the companies can further study fractional cycle measurement and the integer cycle estimation could be done by single frequency or multiple frequencies

	NTT DOCOMO
	Basically, we are fine with the proposal. However, it may be better to change “support” to “consider” at this stage.

	Samsung
	In case the PRS or positioning SRS is allocated many sub-carriers, it would be too much information to report from the measuring entity. The last bullet is to further study how to report the carrier phase measurement. Therefore, we suggest changing provide to measure, we can then further study the provision and reporting. One example, can be the slope of the phase measurement with respect to frequency. Further more, as this is a study item, it is better to change support to study or investigate Therefore, we suggest the following update:
· For DL carrier phase positioning, support study or investigate a UE to provide measure the carrier phase measurements of one frequency or multiple different frequencies. The multiple different frequencies may be:
· the frequencies in the same carrier (e.g., the center frequency of a carrier, and the frequency of a subcarriers within the carrier bandwdith), or in different carriers;
· FFS: determining the slope with respect of the carrier phase measurement with respect to frequency
· FFS: the frequencies in the same band or different bands;
· FFS: the frequencies in the same or different frequency ranges.
· For UL carrier phase positioning, support study or investigate a TRP to provide measure the carrier phase measurements of one frequency or multiple different frequencies. The multiple different frequencies may be:
· the frequencies in the same carrier (e.g., the center frequency of a carrier, and the frequency of a subcarriers within the carrier bandwdith), or in different carriers;
· FFS: determining the slope with respect of the carrier phase measurement with respect to frequency
· FFS: the frequencies in the same band or different bands;
· FFS: the frequencies in the same or different frequency ranges.
· Further study how to configure or define the frequency(ies) for UE/TRP to report the carrier phase measurements
· Further study how the carrier phase measurements are reported

	CATT
	Support.

	FL
	To Locaila: From the study and evaluation, the suggestion is not limited the measurements to only within the bandwidth of a carrier. It is unclear to me why “fair market competition” is a concern in this investigation. 

To vivo/ZTE/MTK/DCM/Samsung: If companies consider it is too early to make the agreement to support, then we can further investigate and wait for the next meeting to see we can reach some conclusion.

To Samsung: The study of NR carrier phase positioning with the carrier phase measurements of one carrier frequency or multiple frequencies” was already agreed in the last meeting. Adding “FFS” seems reversing previous decision, and thus does not help the progress. The intention of suppprting carrier phase measurements of multiple frequencies is to use them to construct virtual carrier carrier phase measurements with much longer wavelenths for support the resolution of the integer ambiguity. Thus, there is no need to report many, but a few (e.g., 2 or 3) frequencies with enough larger gap between them. Also, reporting the “the slope with respect of the carrier phase measurement with respect to frequency” seems to be another way to provide the same information as the TOA estimate.

Based on the comments, maybe we can have the following proposal, mainly to clarify the following bullet of the previous agreement: “NR carrier phase positioning with the carrier phase measurements of one carrier frequency or multiple frequencies”. Also, to reduce the effort of the study, we could limit the number of the carriers. Given that the maximum number of the DL PRS positioning frequency layers is 4, we may also limit the number of the carriers to 4.


Further study of the accuracy improvement based on NR carrier phase measurements from multiple (<=4) frequencies, the multiple different frequencies can be:
· the frequencies in the same carrier or in different carriers;
· the frequencies in the same band or different bands;
· the frequencies in the same or different frequency ranges;


	Intel
	We agree that measures across multiple frequencies are meaningful and likely necessary. However, that can significantly increase reporting OH. Instead UE/gNB may provide “processed versions” of the carrier phase measurements over multiple frequencies, e.g., using RSTD/RTOA type measurements based on carrier phase, e.g., with higher resolution for the RSTD/RTOA metrics. 
Thus, at this stage we would suggest:
· to change from “support” to “study/investigate” in the main bullets
· change to “UE/TRP to provide measurements based on carrier phases of one frequency of multiple different frequencies” in the main bullets
add FFS for the sub-bullets “frequencies in the same band or different bands” and to “frequencies in the same or different frequency ranges”

	
	


 
(H)(Round 2) Proposal 2-1
· For the study of the accuracy improvement based on NR carrier phase measurements from multiple (<=4) frequencies, the multiple different frequencies can be:
· in the same carrier or in different carriers;
· in the same band or different bands;
· in the same or different frequency ranges;

	Company
	comments

	Xiaomi
	Ok 

	vivo
	Without additional errors between the different carriers, there is no doubt that positioning accuracy can be improved by multiple frequencies. But just as we discussed in the RAN4 for CA, the additional errors among different frequencies(especially different carriers) need to be considered 
So, if we would like to study the accuracy improvement based on the multiple frequencies, the additional error among multiple frequencies must be considered.

· For the study of the accuracy improvement based on NR carrier phase measurements from multiple (<=4) frequencies, which may take into account at least the following
· What are the multiple different frequencies:
· in the same carrier or in different carriers;
· in the same band or different bands;
· in the same or different frequency ranges;
· The performance benefits of NR carrier phase measurement of multiple carriers compared with NR carrier phase measurement of single carriers
· [bookmark: _GoBack]The impact of timing offset, phase offset, frequency error,  and ARP location errors among  CCs on the carrier phase performance for multiple carriers
· UE complexity considerations



	
	

	
	




[bookmark: _Toc111724343](Round 1) Proposal 2-2
· For DL carrier phase measurements, further study and decide which of the following option(s) can be used to report the carrier phase measurements 
· Option 1: Report the carrier phase measurements measured from the TRPs separately.
· Option 2: Report the difference of the carrier phase measurements measured from two TRPs: one of the TRP is the reference TRP. The reference TRP is the same for all reported phase differences in one measurement report.
· Option 3: Report the carrier phase measurements measured from the DL PRS resources separately, the DL PRS resources may or may not be from the same TRP.
· Option 4: Report the difference of carrier phase measurements from two DL PRS resources: one of them is the reference DL PRS resource. The DL PRS resources may or may not be from the same TRP. The reference DL PRS resources is the same for all reported phase differences in one measurement report.
· FFS: Option 5: Report the slope of the carrier phase measurements with respect to frequency
· FFS: Option 6: Report the difference of the slope of the carrier phase measurements with respect to frequency

	Company
	comments

	Locaila
	Request for clarification on Option 3 : what is the case of " ... , the DL PRS resources may or may not be from the same TRP." ?

FL: For Rel-17, reporting RSTD measurements from the DL PRS resources from the same TRP is supported. It helps the estimation of the Tx timing differences between Tx antennas. Similarly, for carrier phase positioning, we may expect there is a phase bias between TRP transmission antennas.

	ZTE
	Study is fine for us. However, the options seem not parallel solutions. Option 3 is basicaaly the same as Option 1, and option 2 is equavilent to option 4. 

FL: Diffrence between (Options 1 or 2) with (Options 3, 4) is whether we study the possible phase offset between the TRP Tx antennas.

	Huawei, HiSilicon
	We think that the phase measurement reporting could follow the RSTD reporting.

	Samsung
	Can be discussed after we agree on proposal 2-1.
We also like to add a fifth option to report the slope of the carrier phase measurement with respect to frequency. This can be for the DL PRS of one TRP, or the difference between the DL PRS from two TRPs.
FL: We could add the options to report the slope, which can be a different way to provide the information as the TOA according to the relaship of the slope and the TOA: dPhi = (k*SCS)*dT

(Round 1) Proposal 2-2
· For DL carrier phase measurements, further study and decide which of the following option(s) can be used to report the carrier phase measurements 
· Option 1: Report the carrier phase measurements measured from the TRPs separately.
· Option 2: Report the difference of the carrier phase measurements measured from two TRPs: one of the TRP is the reference TRP. The reference TRP is the same for all reported phase differences in one measurement report.
· Option 3: Report the carrier phase measurements measured from the DL PRS resources separately, the DL PRS resources may or may not be from the same TRP.
· Option 4: Report the difference of carrier phase measurements from two DL PRS resources: one of them is the reference DL PRS resource. The DL PRS resources may or may not be from the same TRP. The reference DL PRS resources is the same for all reported phase differences in one measurement report.
· FFS: Option 5: Report the slope of the carrier phase measurements with respect to frequency
· FFS: Option 6: Report the difference of the slope of the carrier phase measurements with respect to frequency


	Intel
	In general, the principle can follow RSTD reporting – and as responded to Proposal 2-1, should be revisited after 2-1 is settled. We are not yet ready to commit to reporting “carrier phase measurements”.

	
	





[bookmark: _Toc111724344]Differential carrier phase measurements

	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, R1-2205870[1]) Proposal 2: The double difference carrier phase and multi-frequency carrier phase should be considered for carrier phase positioning.
·  (CATT, R1-2206407[6]) Proposal 2: Double differential technique with PRU should be considered for NR carrier phase positioning.
· (Nokia, R1-2206491[7]) Proposal 9: 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, R1-2206491[7]) Proposal 10: RAN1 to study/identify the CP positioning performance impact by introducing PRU for UE-based positioning, and identify the necessary physical layer procedure.
· (Lenovo, R1-2206500[8]) Proposal 5: Support the use of Positioning Reference Units (PRUs) in the vicinity of the target-UE to resolve Integer ambiguity by providing an upper and lower bound on integer ambiguity to reduce the search space.
· (Intel, R1-2206590[9]) Proposal 3:	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, R1-2206590[9]) Proposal 10: 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, R1-2206651[11]) Proposal 3: Study PRU assisted carrier phase measurement for phase error mitigation.
· (Samsung, R1-2206833[12]) Proposal 3: RAN1 to study how to provide PRU or PRU-like functionality under existing system.
· (InterDigital, R1-2207090[14]) Proposal 10: Support PRU for NR carrier phase-based positioning
· (InterDigital, R1-2207090[14]) Proposal 12: Study a mechanism to transfer measurements from the PRU to the UE in UE-based positioning
· (LGE, R1- 2207710[18]) 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 known location(s) are commonly used for support GNSS carrier phase positioning. Similarly, for supporting NR carrier phase positioning, it is expected that there is need to implement the double differential technique, which requires to have a PRU  located at known location(s) to either receive DL PRS signals or transmit UL SRS signals. In last meeting, RAN1 made the agreement to evaluate the use of PRUs to facilitate NR carrier phase positioning in the SI. Based on the evaluation and analysis in this meeting [1][6][7][8][9][11][12][14][18], it seems the majority companies consider it is necessary to support the use of PRU for NR carrier phase positioning. In addition, there is a need to further study more details on how to support the double differential by the use of the PRU [18].
[bookmark: _Toc111724345](H) (Round 1) Proposal 3-1
· For NR carrier phase positioning, support the use of the double differential technique to eliminate the impact of the UE/TRP timing/frequency errors and initial phase offsets. 
· Further study the impact on physical layer procedure, the measurements, and the high-layer signaling to support the double difference technique by the use of the PRU.

	Company
	comments

	Locaila
	We think the proposed method of "double differential calculation & use of PRU" may create a serious traffic burden to the 5G NR network. 

For example, below is our field test result showing the carrier phase variation between two TRPs.  The two TRPs are synchronized with a very precise oscillator of 4 ppb, and 1GHz carrier frequency is used. A UE in a fixed place received the two signals and observed the carrier phase difference for about 5-minutes. Detail of the experiment is reported in section 2.3 in R1-2206227.

[image: ]
Figure : Carrier phase difference between two TRPs observed in a fixed UE location (5 min duration)

The Y axis indicates the phase difference of radian (-π ~ + π ) between TRPs. It is equivalent to the result of double differential calculation. 
As shown in above, the carrier phase variation occurs too fast. If the PRU reports such variation, it will cause huge traffic to LMF and UEs. To prevent this, all gNBs may need to have very stable and precise Cesium oscillators, like GPS. 

We suggest companies to conduct a similar experiment using commercially available oscillators and review the method. We argue that RAN1 should reconsider wether the idea of "doulble differential calculation and use of PRU" is a feasible option to 5G NR.

As an alternative, we suggest TRP synchronization network as discussed in section 10 below.

FL: Thanks  Locaila for providing the figure. As Locaila mentions, the figure is “the carrier phase variation between two TRPs”, which in my understanding may impact the RSTD measurements from a UE (keep in mind the RSTD is a single difference measurement). It should the same impact on the  RSTD measurements from another UE (e.g., PRU). When double difference is used, i.e., a RSTD from a UE and another RSTD from PRU is substracted, the impact of the TRP timining errors should be eliminated, e.g., when the two RSTD are measured at the same time instance (e,g., within the same OFDM symbol(s) in a slot).

	vivo
	We have some concerns about supporting something directly in the second meeting of the study item, especially without a clear evaluation results summary.
We acknowledge double differential can eliminate some errors in certain conditions, but we still have some concerns for differential can eliminate the UE initial phase error if the multiple TRP measurements at different times or PRU measurement time is different from the UE. So, we prefer to collect more evaluation results and identify boundary conditions firstly where performance gains can be obtained.
In addition, we would like to know how to use double differential to Eliminate Frequency Error. 

FL: As MTK commented, double differential technique is used in GNSS positioning very successfully in many years. From UE side, if we assume the initial phase bias is mainly related to receiver side, i.e., it happens when it tries to receiver a DL signal, then a reasonable assumption is that the initial phase bias can be the same regadless the signals is from a satellites or from a TRP. 

	ZTE
	For the evaluation purpose, we are supportive of the above proposal. However, from spec prespective, it is too early to support double differential carrier phase  positioning.  

	MTK
	This proposal is to copy the idea of GNSS system to NR, so basically it will work for at least some conditions. We still prefer to do more investigation during SI, and then conclude whether there is a need later.

	Huawei, HiSilicon
	We support use of PRU to ease the phase sync requirement between gNBs.

	Samsung
	We suggest to combine this proposal with proposal 11-1, to list options for mitigating synchronization error including double difference carrier phase and round trip carrier phase.
FL: But, double differential technique is a proven technique widely used GNSS positioning, and the basic principle of the double differential technique is well-known and can be found in almost all of GNSS books. For the round trip carrier phase, I think it could need  more investigation on whether and how it works. So, my suggestion is still to have a separate discussion for the proposal of the round trip carrier phase.



(H) (Round 2) Proposal 3-1
· For NR carrier phase positioning, further study support the use of the double differential technique to eliminate the impact of the UE/TRP timing/frequency errors and initial phase offsets, including . 
· Further study the impact on physical layer procedure, the measurements, and the high-layer signaling to support the double difference technique by the use of the PRU.

	Company
	comments

	Xiaomi
	Ok 

	Intel
	OK

	vivo
	

	
	



[bookmark: _Toc111724346]Phase Differences and DL-AOD
Background
The issue of use the phase difference to support DL-AOD was discussed intensively in RAN1#109e w/o conclusion.

Submitted Proposals:
· (Locaila, R1-2206227[4]) Proposal 6) Capture the Equations (21) ~ (31) into TR38.859 and continue to study the carrier phase-based vertical positioning based on the discussion presented in this section.
·  (Intel, R1-2206590[9]) Proposal 6:	Study RSTD measurement for the multi element TX antenna array, which requires TX beamforming phase difference estimation for the reference and target TRPs.
· (Intel, R1-2206590[9]) Proposal 7:	Study carrier phase-based azimuth and zenith angles of departure measurement for the multi element transmit antenna array for the DL-AOD positioning method.
· (Intel, R1-2206590[9]) Proposal 8:	Study RSTD measurement for the multi element RX antenna array, which requires RX beamforming phase difference estimation for the reference and target TRPs.
· (Intel, R1-2206590[9]) Proposal 11: Study RTOA measurement for the multi element TX antenna array, which requires TX beamforming phase difference estimation for the reference and target TRPs.
· (Intel, R1-2206590[9]) Proposal 12: Study RTOA measurement for the multi element RX antenna array, which requires RX beamforming phase difference estimation for the reference and target TRPs.
· (Samsung, R1-2206833[12]) Proposal 9: Study and evaluate the performance of carrier-phase difference measurement for estimating the angle of arrival at the UE.
· (Samsung, R1-2206833[12]) Proposal 10: Study and evaluate the performance of carrier-phase difference measurement for estimating the angle of departure at the UE or the gNB.
· (InterDigital, R1-2207090[14]) Proposal 2: Study transmission and reception modes (e.g., 2 TX 1RX, 1Tx 2 RX) for phase-difference based positioning
· (InterDigital, R1-2207090[14]) Proposal 7: Study contents of the measurement report for phase-difference based positioning.
· (Qualcomm, R1-2207240[16]) Proposal 2: Study supporting Phase-Difference AoD. 
· (Sharp, R1-2207285[17]) Proposal 1: Do not consider the phase-difference measurements for DL-AoD.

FL Comments
One of the commonly used approach for UL-AOA estimation is based on the phase difference of different Rx antennas of a TRP (PD-mRx). However, DL-AOD in Rel-16/17 is currently estimated based on the RSRP measurements from different DL beams from a TRP. When NR carrier phase measurements are supported in Rel-18, the UE could have the capability to provide the phase-difference obtained by receiving the signals from different TRP antennas (PD-mTx) to obtain the DL-AOD. 
The issue of use the phase difference to support DL-AOD was discussed intensively in RAN1#109e w/o conclusion. One of main concerns is whether this is included in the SI scope. In FL’s view, once the support of using the phase difference for DL-AOD can be a by product of the NR carrier phase positioning, e.g., UE reports the carrier phase measuremenrts measured from DL PRS transmitted from different TRP Tx antenna (UE may not need to know the DL PRS is transmitted from which TRP Tx antenna) and reports them to the LMF. Then, it is up to LMF’s implementation on how to use them for positioning, including use the phase difference of different Tx anennas for the estimation of the DL-AOD. 
[bookmark: _Toc111724347](Round 1) Proposal 4-1
· The use of the phase-difference measurements between the carrier phases of the DL PRS signals transmitted from multiple TRP Tx antennas for NR positioning (e.g., for DL-AoD ) can be studied in Rel-18 SI.

	Company
	comments

	Locaila
	yes, we do support to study this issue in current SI.

Carrier phase based DL-AoD is accurate than RSRP based method, and it can help to improve public safety such as E911. The use case and benefit is clear. We need to study further what standard support will be necessary to improve the vertical positioning accuracy based on this method.


	ZTE
	We prefer to clarify the scope in September RAN meeting. Then, we do the next step evaluation if needed. We are worrying about the workload. 

	MTK
	It is quite similar to CSI framework. And we also mention based on theoretical analysis that it is also quite similar to RSRP based AOD.
Given so many topics in Rel-18 positioning, we prefer to  deprioritize this item

	Huawei, HiSilicon
	This should be low priority.

	Samsung
	Support in principle. Add a second bullet for positioning SRS:
· The use of the phase-difference measurements between the carrier phases of the positioning SRS signals transmitted from multiple UE Tx antennas for NR positioning (e.g., for DL-AoD ) can be studied in Rel-18 SI.
· FFS: Positioning SRS transmitted from the same UE Tx antenna at different positions due to movement of the UE.


	CATT
	We are fine to have the study.

	Xiaomi
	Support to study

	Intel
	Support in principle, but whether we need to support “UE reports the carrier phase measuremenrts measured from DL PRS transmitted from different TRP Tx antenna (UE may not need to know the DL PRS is transmitted from which TRP Tx antenna) and reports them to the LMF” or still report measurements based on carrier phase measurements would need further considerations.

	
	

	
	




[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:
· (Huawei, R1-2205870[1]) Proposal 5: For UL carrier phase positioning, the TRP can report multiple carrier phase measurements corresponding to different frequencies.
· (Huawei, R1-2205870[1]) Proposal 6: For DL carrier phase positioning, the UE can report multiple carrier phase measurements corresponding to different frequencies.
·  (ZTE, R1-2205903[2]) Proposal 3: The scope of integer N should be configured / reported for carrier phase based positioning.
·  (vivo, R1-2206048[3]) Proposal 6: The carrier phase positioning cannot be seen as a standalone positioning.
·  (Locaila, R1-2206227[4]) Proposal 3) RAN1 studies pseudo-subcarrier-based solutions for resolving integer ambiguity as proposed in equations (19) and (20)
· (OPPO, R1-2206274[5]) Proposal 2: Study using carrier phase measurement of multiple carrier frequencies to resolve the issue of integer ambiguity.
· (Nokia, R1-2206491[7]) Proposal 6: RAN1 to study physical layer procedure to support virtual wavelength method to address interger ambiguity problem.
· (Intel, R1-2206590[9]) Proposal 4: Study carrier phase integer ambiguity resolution using subcarrier measurements within the DL PRS signal bandwidth.
· (Intel, R1-2206590[9]) Proposal 5:	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.
· (China Telecom, R1-2206694[10])Proposal 3: The combination of phase difference measurements of multi-carriers to solve the integer ambiguity by the application of the Chinese remainder theory can be studied. 
· (Xiaomi, R1-2206651[11]) Proposal 1: Study multi-carrier based carrier phase positioning as the potential solution for integer ambiguity based on UE capability.
· (Samsung, R1-2206833[12]) Proposal 5: Study using legacy-based positioning measurements to estimate the number of integer cycles between the gNB and the UE.
· (Samsung, R1-2206833[12]) Proposal 6: Study using multiple carriers to determine a phase of a virtual carrier with a lower virtual frequency.
·  (Samsung, R1-2206833[12]) Proposal 7: Study using the slope of the carrier phase measurement relative to frequency with multiple sub-carrier measurements to eliminate the integer ambiguity.
· (CMCC, R1-2206919[13])Observation 5: 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, R1-2207090[14]) 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
· (Sharp, R1-2207285[17]) Proposal 2: 	Subcarrier-level phase difference report can be discussed as the solution for the integer ambiguity issue.
· (LGE, R1- 2207710[18]) Proposal 5: Method for integer ambiguity resolution should be subject for further studies.
·  (MediaTek, R1-2207480[20]) Proposal 6-1: Besides the fractional cycle measurement report, UE may also report a certain number of integer cycle candidates to assist LMF for position calculation, if carrier phase measurement is agreed to support.

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 contribusions submitted in this paper, different solutions are proposed: 
· Based on the carrier phase measurements from multiple carrier frequencies [1][5][6][7][11][12][13]. There are different ways to utilize the 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 reliable solutons for integer ambiguity. There can be other approaches to utilize the carrier phase measurements from multiple carrier frequencies, e.g., by explore 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 could be implementation issue; 
· With the combination of the legancy 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[3][6]. Similar approach is also commonly used in GNSS carrier phase positioning;
· Using the phase-difference of the subcarriers to first determine the TOA and the search range of the integer ambiguities, and then search for the best integer ambiguities based on certain cost function [4][[9][12][17].

In FL’s view, each appraoch has certain advantages. The first approach may provide most fast/reliable resolutions of the integer ambiguities when the carrier phase measurements from multiple carriers are available, the second approach may take the advantages of the existing NR positioning measurements and solutions, and the third approach may provide a cleaner solution purely based on  carrier/subcarrier phase measurements.
[bookmark: _Toc111724349](H)(Round 1) Proposal 5-1
· Further study the effectiveness of the following candidate options for the integer ambiguity:
· Option 1: based on the virtual carrier phase measurements obtained from the carrier phase measurements of multiple carrier frequencies of the (sub)carriers, which may or may not be within one carrier bandwidth; 
· Option 2: based on the TOA obtained from the phase-difference of multiple subcarriers within a carrier bandwidth
· Option 3: based on the combination of legacy positioning measurements (e.g., RSTD, RTOA, etc.)
· Option 4: based on the combination of legacy positioning method
· Option 5: combination of above approaches
· Identify the potential impacts of the candidate solutions on the specification and UE/gNB implementation (e.g., the information related to the search range of the integer ambiguity from the UE/TRP to the LMF).

	Company
	comments

	Locaila
	It seems this question is essentially the same question as in section 2 above. 

Calrification request : what's the difference of  Option 1 and Option 2, in particular, as for the use of “subcarriers”. 

FL: For Option 1: The basic idea is to use the carrier phase measurements of multiple carrier frequencies to construct an ‘virtual’ or ‘artificial’ carrier phase, which may have much longer wavelength, which allows fast resolutions of the integer ambiguity. This is one of the widely used techniques used in GNSS positioning for the solution of the integer ambiguity.
For Option 2: The thiking is to report the TOA, which is similar to Option 3, to define the search range of the integer ambiguity of a carrier phase measurement. The different with Option 3 is that if RSTD is used, it helps the define the search range of the differential integer ambiguity of two carrier phase measurement. But, not each the integer ambiguity of a carrier phase measurement.

Hopefully, use of some equations may be helpful in understanding the differences exactly. 


	vivo
	We think the carrier phase measurements of a single carrier frequency(e.g carrier phase of multiple TRP, or carrier phase of multiple subcarriers in a single carrier) is helpful for the calculation of integer cycles, but it is not reflected in the options.
FL: Maybe vivo can further explain “the carrier phase measurements of a single carrier frequency is helpful for the calculation of integer cycles”?  The options listed in the proposal all depends some additional information to help the reduce the search range of the integer ambiguity.

 And we wonder about the carrier phase of virtual frequency can be seen as a measurement since it is calculated by multiple carriers' measurements and without actual measurement. So, we prefer to modify option 1 as follows
· Option 1: based on the virtual carrier phase measurements obtained from the carrier phase measurements of single or multiple carrier frequencies of the (sub)carriers, which may or may not be within one carrier bandwidth; 
FL: If we don’t likw to use the term ‘virtual’, which was borrowed from some GNSS positioning paper’, maybe someone can suggest a better wording, e.g., ‘the combined carrier phase’?  The idea, as explain before is to use the combination of the measured carrier phase to get a new carrier phase, which allows more efficient resolution of  integer ambiguity. 
In addition, we also need some clarification about option 2
FL: See the response to Locaila.


	ZTE
	For option 1, we have the same view as vivo, virtual carrier phase should still base on single or multiple phase measurement. 
FL: Okay. Let us have a better way to describe it.

Furthermore, the proposal is very similar as proposal 2-1, we are wondering the difference. 
FL: The proposal here is for the use of different ways to resolve the integer ambiguity, while 2-1 is about the report of the carrier phase measurements, w/o discussing the options to resolve the integer ambiguity.


	MTK
	It seems during SI we could further clarify who takes the responsibility for the integer ambiguity (interger cycle estimation) per link,
1, whether UE for downlink performs the integer cycle estimation or gNB for uplink?
FL: In my undersyanding, it is normally done by the entity that calculate the position, e.g., UE side afor UE-based and LMF for LMF based positioning. I assume the receiver side (UE/gNB) could have certain knowledge on the search range of the integer ambiguity. But, for reliable solution, it may need all of the information available.

2, UE simply measures the carrier phase to derive the fractional cycle measurement, and report it. It relies on LMF to implicitly derive the integer cycles through some brute force solution
FL: Brute force solution may be done together with any of the options listed in the proposal in my view. 

For option 1, we suggest to remove the wording of  “virtual”. We don't quite understand that when measuring the phase of several carriers or subcarriers, we need to say it corresponds to a virtual carrier. 
FL: Okay. Maybe we can have a better term. The basic reason for the ‘virtual’ carrier phase is used is that the carrier phase is not  measured, but the combination of the measured carrier phases, and it has same mathematical espresstion as a measured carrier phase. For carrier phase measurement, we have the math expression: 

  (lambda)*(carrier phase) = distance + lambda*integer ambiguity

For virtual carrier phase measurement: it has:

  (virtual lambda)*(virtual carrier phase) = distance +  (virtual lambda)*( virtual  integer ambiguity)



	NTT DOCOMO
	We are generally fine with the proposal. I guess option 3 and option 4 can be merged.

FL: Yes, Option 3 and Option 4 are similar. The difference is that Option 3 tries to limit the ambiguity search range before resolving the UE location, which Option 4 try to limit the ambiguity search range based on the calculated UE position.

	Huawei, HiSilicon
	We do not support Option 2, because this is effectively high accuracy ToA measurement, can be merged into Option 3.

FL: Yes. It can be merged, although Option 2 may provide more flecibility for some cases. The proposal just lists all of the possible options for consideration.


	Samsung
	Support with one additional option :
Option X: based on the slope of the carrier phase measurement with respect to frequency.

FL: I assume this is another way for Option 2, due to the relationship of TOA and the slope of the carrier phase measurement with respect to frequency.

	CATT
	Support

	
	




 (H)(Round 2) Proposal 5-1
· Further study the effectiveness of the following candidate options for the integer ambiguity:
· Option 1: based on the carrier phase obtained the carrier phase measurements of multiple carrier frequencies of the (sub)carriers, which may or may not be within one carrier bandwidth; 
· Option 2: based on the combination of legacy positioning 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
· Identify the potential impacts of the candidate solutions on the specification and UE/gNB implementation (e.g., the information related to the search range of the integer ambiguity from the UE/TRP to the LMF).

	Company
	comments

	xiaomi
	Ok 

	Intel
	We prefer to keep earlier Option 2 as it may not be exactly same as “using legacy positioning measurements” of Option 3 as FL already responded to Locaila.
@vivo: Option 2 is based on phase-differentials across subcarriers, e.g., to determine coarse estimates of RSTD/RTOA in integer multiples of the frequency differences. 

	IITK
	We believe there is no need to restrict, only to positioning measruments. We would like to add one more option.  
“Option X: based on the combination of UE and/or TRP measurements”

	CEWiT
	We tend to agree with comment that no need to restrict the option with only positioning meseasurements. At least we should study the other measurements as well for interger ambiguity measurements apart from positioning measurements. Therefore we should have other option to cover other measurements at UE or TRP. 



[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.



Submitted Proposals:
· (vivo, R1-2206048[3]) Proposal 5:	The carrier phase measurement can be calculated in the frequency domain with multipath mitigation.
·  (CATT, R1-2206407[6]) Proposal 5: Study whether to reuse the LOS/NLOS indication supported in Rel-17 for Rel-18 NR carrier phase positioning, or define separate LOS/NLOS indication specifically for mitigating the impact of multipath for NR carrier phase positioning.
· (Nokia, R1-2206491[7]) Proposal 4: RAN1 to study methods for identifying independent and/or methods to aid a positioning receiver to determine and report measurements of independent channel taps that correspond to different wireless propagation paths.
· (Intel, R1-2206590[9]) 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, R1-2206651[11]) Proposal 5: Study the carrier phase for each path and to report the likelihood of LoS path by LoS/NLoS indicator for each path carrier phase.
· (Samsung, R1-2206833[12]) Proposal 8: Study the criteria under which the carrier phase method can be used based on e.g., 
· 	LoS/NLoS indicator
· 	Multi-path indicator
· 	First detected path’s RSRP 
· (CMCC, R1-2206919[13])Observation 4: By estimating the first path, the carrier phase measurement in time domain can help suppress the impact of multipath.
· (Fraunhofer, R1-2207126[15]) 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, R1-2207126[15]) Proposal 2: 	Support reporting the phase measurements from the delay domain for the first and additional paths (N-path reporting for the phase).
· (Fraunhofer, R1-2207126[15]) 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.
· (Ericsson, R1-2207622[21]) Proposal 5	Study methods to measure the carrier phase of the first path.
· (Ericsson, R1-2207622[21]) Proposal 6	Study methods to measure the carrier phase of additional paths.
· (Ericsson, R1-2207622[21]) Proposal 7	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 consider it is necessary to consider the multipath mitigation for NR carrier phase positioning [3][6][7][9][11][12][13][15][21]. Differerent approaches were also proposed, e.g, multipath mitigation in the frequency domain[3] or in the time/delay domain[13][15], using LOS/NLOS indication[6][9][11][12], reporting the measurements of the first path and additional path[15][21], as well as reporting additional information, such as RSRP[12], CIR[15]. 
[bookmark: _Toc111724351](H)(Round 1) Proposal 6-1
· Further evaluate the multipath mitigation methods for the carrier phase positioning, which include, but 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
· Reporting of the 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
· Reporting of the carrier phase measurements of the first path and additional paths
· Reporting of other channel information, such as RSRP/RSRPP, CIR/CFR, etc.
· Note: The evaluation should include both benefits and the impact on the specification

	Company
	comments

	ZTE
	OK

	Huawei, HiSilicon
	OK

	Samsung
	OK

	CATT
	Support

	xiaomi
	Support 

	Intel
	OK

	Fraunhofer
	Our suggestion is instead of making estimating Integer-Amibguity as the problem to solve but  study methods which can make use of carrie phaser measurements. If this is a current understanding we Option2 can also be seen as a method for applying phase smoothing (as in P8-1) which should the straightforward approach for single-frequency operation under normal TDOA consideration:

· Further study the effectiveness of the following candidate options for integer ambiguity using carrier phase measurements:
· Option 1: based on the carrier phase obtained the carrier phase measurements of multiple carrier frequencies of the (sub)carriers, which may or may not be within one carrier bandwidth; 
· Option 2: based on the combination of legacy positioning 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
· Identify the potential impacts of the candidate solutions on the specification and UE/gNB implementation (e.g., the information related to the search range of the integer ambiguity from the UE/TRP to the LMF).


	
	

	
	

	
	



[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



Submitted Proposals:
· (CATT, R1-2206407[6]) Proposal 6: The following two methods can be considered for mitigation of the impact ARP /PCO error:
1) Introduce ARP error/PCO error group (APEG) with the similar definition of TEG in Rel-17.
2) Use the maximum value of ARP/PCO error as the weighting factor in the cost function for integer ambiguity and location calculation of the target UE.
· (CATT, R1-2206407[6]) Proposal 10: The impact of gNB ARP error should be mitigated in order to improve the carrier phase positioning accuracy.
· (Nokia, R1-2206491[7]) Proposal 7: RAN1 needs to study antenna phase center offset impact on the carrier phase positioning accuracy and identify potential solutions.
· (Nokia, R1-2206491[7]) Proposal 8: RAN1 should study the impacts and potential mitigation techniques of antenna phase center offset on PRU transmissions for UL CP.
· (Ericsson, R1-2207622[21]) Proposal 4	Study variations in phase offset due to angle of departure and angle of arrival and methods to mitigate them.

FL Comments
The performance of the carrier phase positioning is expected to be impacted by multiple factors. One of them is the ARP phase center offset, which may not be in the center of a physical antenna. In addition, the phase center offset may be different for antenna Rx/Tx beam directions. It is important to study the impact and identify potential solutions. In RAN1#109e, it was already agreed that the antenna phase center offset (PCO) may be considered during the evaluation. Based on the evaluation presented in [6][[7][21], the positioning accuracy will be impacted by the antenna PCO, and thus, there is a  need to further study the potential solutions for mitigating the impact of antenna PCO.

[bookmark: _Toc111724353](H)(Round 1) Proposal 7-1
· Study the candidate solutions for mitigating the impact of antenna phase center offset, which may include, but not limited to the following:
· Introduce the PCO error group (PEG) for UE/TRP/PRU Tx/Rx antennas. The PCO in the same PEG are within an error margin.
· Introduce the error model for UE/TRP/PRU Tx/Rx antennas as a function of the Rx/Tx beam direction.
· Provide the information related to UE/TRP/PRU Tx/Rx antennas to LMF for UE-assisted positioning
· Provide the information related to TRP/PRU Tx/Rx antennas to UE for UE-assisted positioning

	Company
	comments

	Huawei, HiSilicon
	We think that the primarily we should have a model to evaluate the PCO/PCV, instead of directly jump into the solution, e.g. PEG.

	CATT
	Share the similar view as Huawei. 

	Intel
	Agree with Huawei.



[bookmark: _Toc111724354][bookmark: _Toc69027126][bookmark: _Toc62397294]Phase-smoothed timing measurements
Submitted Proposals:
· (CATT, R1-2206407[6]) Proposal 8: Joint reporting of POA and TOA for smoothing TOA with POA can be studied to improve the traditional DL/UL-TDOA performance.
·  (Fraunhofer, R1-2207126[15]) 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.

FL Comments
In GNSS positionin, the use of the carrier phase measurements for smoothing pseudorange measurements is considerd 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 specicial 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 carrier phase measurements at least for a period of time. 
[bookmark: _Toc111724355](Round 1) Proposal 8-1
· 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.

	Company
	comments

	Huawei, HiSilicon
	It depends on the phase coherence time.

	Samsung
	This can be added as an option to proposal 5-1 for elimination of integer ambiguity.

	CATT
	To Huawei, 
We share the similar view that it work best when we have phase coherence. It may also work if phase jump only occationally.
To Samsung:
Yes. We agree. 

	
	

	
	

	
	

	
	

	
	

	
	

	
	



[bookmark: _Toc111724356]Time and Frequency Adjustments for carrier phase positioning
Submitted Proposals:
· (CATT, R1-2203469[4])Proposal 4: At least the following two methods to eliminate the impact of ATA/AFA can be studied.
· Method 1: UE reports both the value and time stamp of ATA and/or AFA to the network side.
· Method 2: Network controls the effective time window of ATA and AFA for UE.

FL Comments
The UE receiver may perform autonomous time adjustment (ATA) and autonomous frequency adjustment (AFA) during a carrier phase positioning, which could cause unexpected large positioning errors. 
[bookmark: _Toc111724357](Round 1) Proposal 9-1
· The impact of UE autonomous time adjustment (ATA) and autonomous frequency adjustment (AFA) on NR carrier phase positioning and the potential solutions to the issue can be studied in Rel-18 SI.

	Company
	comments

	Huawei, HiSilicon
	We think that any study should be on a basis of a model that can be added to the evaluation.

	Samsung
	Why limit to UE autonomous time adjustment and not also time adjustment due to a TA command.
Maybe we should progress on the other issues, before discussing this proposal.

	CATT
	To Huawei,
We share the similar view.

To Samsung:
Yes, time adjustment due to a TA command may also be included. The reason that we do not mention it is because the network has the TA information, and can report it to LMF in this case. 

	
	

	
	

	
	

	
	

	
	

	
	

	
	




[bookmark: _Toc111724358]TRP time synchronization
.Submitted Proposals:
(Locaila, R1-2206227[4]) Proposal 4) RAN1 should study the efficient NR system architecture for TRP synchronization and efficient PRS design for PLL training.
(Locaila, R1-2206227[4]) Proposal 5) We propose to capture the master-slave TRP structure in the TR38.859 and continue to study the efficient carrier phase synchronization method based on the architecture.
FL Comments
TRP time synchronization is essential for most timing based positioning methods, including DL-TOA, UL-TDOA and carrier phse positioning. Using master-slave TRP architecture to track the signals between TRPs could be one of the approaches for precise TRP time synchronization. However, the investigation of TRP time synchronization could be out of the scope of the SI in FL’s view.
[bookmark: _Toc111724359](Round 1) Q&A 10-1
· Please provide your view on whether the study of the approaches for TRP time synchronization, e.g., the master-slave TRP structure, is in the scope of this study item.

	Company
	comments

	Locaila
	If we assume the gNB, LMF, and PRU functions are all in one place, this proposal is, in effect, the same as the “double differential & PRU” method as discussed in section 3 above, except that, this method is fast, cost-effective, and it has been verified through our field experiments.


[image: ]

In overall, this proposal is about “a synchronization network using PRS signal”. 
Since the TRP synchronization is an essential issue in studying carrier phase positioning, we should discuss the enabling architecture in this SI


	Huawei, HiSilicon
	RIBS is not in the scope.

	CATT
	We agree that perfect time synchronization berween TRPs would be very helpful for high-accuracy positioning. However, we share the similar view as Huawei that the study of  TRP synchronization architecrure is out of SI scope.

	
	

	
	




[bookmark: _Toc111724360]RTT carrier phase positioning
.Submitted Proposals:
· (Samsung, R1-2206833[12]) 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. 
·  (Fraunhofer, R1-2207126[15]) 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 (or other UE in case of SL)
· (LGE, R1- 2207710[18]) Proposal 4: Consider nested RTT method for the carrier phase measurement based positioning   

FL Comments
For carrier phase positioning, there is a need to eliminate UE and gNB clock biases. For the RTT positioning method, it is well known that UE and gNB clock biases does not impact the use of the UE/TRP Rx-Tx time difference to obtain the round trip time. It is thus worthy to investigate the methods that carrier phase positioning approaches that is not impacted by the UE and gNB clock biases by the use of both DL/UL measurements.
[bookmark: _Toc111724361](Round 1) Proposal 11-1
· Study the NR carrier phase positioning approaches that may not need precise TRP time synchronization, which may include:
· the use of both DL/UL carrier phase measurements from the UE and the gNB for carrier phase positioning 
· the use of both DL/UL phase-difference measurements from the UE and the TRP for carrier phase positioning
· the use of RTT method for the carrier phase measurement based positioning

	Company
	comments

	Locaila
	Support.
It may be helpful for application to SL positioning.

	Huawei, HiSilicon
	We do not think RTT can work because phase distortion at the RF may be present.

	Samsung
	We suggest to combine this proposal with proposal 3-1 to list options for study related to lack of synchronization between UE and TRP.  

	CATT
	To support the approach, it seems it requires the UE/TRP needs to be able to track the carrier phase from the time when the signals is transmitted until the time when the signals are received. It could be much difficult to implement, and thus needs further discussion.

	Xiaomi
	Support to study

	Intel
	Share similar view as CATT

	
	

	
	

	
	

	
	




[bookmark: _Toc111724362] Assistance data for carrier phase positioning
.Submitted Proposals:
· (InterDigital, R1-2207090[14]) 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, R1-2207413[19]) Proposal 1: Assistance data which provides helpful information to operate NR carrier phase measurement can be studied. 

FL Comments
For supporting NR carrier phase positioning, it is important to consider how to mitigate/eliminate the errors contained in the carrier phase measurements by the use of the assistance data from LMF to UE/TRP.
[bookmark: _Toc111724363](Round 1) Proposal 12-1
· Study assistance information that allows the UE or network to mitigate unknown errors in carrier phase measurements.

	Company
	comments

	Locaila
	We do believe there’s some assistant data necessary, however, it may be too early to discuss this issue at this stage of SI.

	Huawei, HiSilicon
	We do not think RTT can work because phase distortion at the RF may be present.

	CATT
	We may need to wait for more study results to see which kind of assistance data is needed.

	Intel
	Agree with above comments – doubting feasibility of RTT as well as this being a bit too early.

	
	



[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, R1-2206491[7]) Proposal 11: Do not discuss SL carrier phase during RAN1#110.
· (InterDigital, R1-2207090[14]) Proposal 1: Postpone the study of SL carrier phase positioning to a future release beyond Rel. 18.
· (NTT DOCOMO, R1-2207413[19]) Proposal 2: It may be better to postpone the study of SL carrier phase positioning in future release.
· (Ericsson, R1-2207622[21]) Proposal 1	The study of carrier-phase sidelink positioning is not considered in NR Rel-18.

FL Comments
From the contribusions 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 13-1
· No further discussion of SL carrier phase positioning in RAN1#110 under this AI.

	Company
	comments

	Locaila
	We support to study SL carrier phase positioning in this group. 

	Huawei, HiSilicon
	Agree

	Samsung
	We support discussing SL carrier phase in Rel-18

	CATT
	Support

	Intel
	Support



[bookmark: _Toc111724366]Methods for the estimation of the carrier phase measurements
Submitted Proposals:
· (ZTE, R1-2205903[2]) Proposal 1: At least one of the carrier phase from frequency domain or time domain is selected for evaluation.
· (vivo, R1-2206048[3]) Proposal 4:	NR carrier phase measurement accuracy should be evaluated and provided with the selected method by companies.
· (vivo, R1-2206048[3]) Proposal 5:	The carrier phase measurement can be calculated in the frequency domain with multipath mitigation.
· (CATT, R1-2206407[6]) Proposal 3: Both the carrier phase measurement estimation approaches in time domain and frequency domain can be used during the evaluation of NR CPP in Rel-18.
· (CMCC, R1-2206919[13])Observation 3: The carrier phase measurement can be obtained in frequency domain or time domain of the base band signal.
· (Ericsson, R1-2207622[21]) Proposal 2	Study different ways for phase offset estimation and phase alignment, including joint position and phase offset estimation using multiple UEs.
· (Ericsson, R1-2207622[21]) Proposal 9	Study methods to obtain the carrier phase from PRS and SRS.

FL Comments
From the contribusions, it seems the common understanding is that the carrier phase measurement can be obtained either in frequency domain or time domain [2][3][6][13][21]. Obviously, different methods may have different advantages. Thus, it would be helpful for companies to present their approaches when presenting the evaluation results. 
[bookmark: _Toc111724367](Round 1) Proposal 14-1 (as a conclusion)
· Each company is encouraged to provide the details of their approaches for the estimation of the carrier phase measurements when presenting their evaluation results.

	Company
	comments

	Locaila
	Support. 


	Huawei, HiSilicon
	OK

	CATT
	Ok




[bookmark: _Toc111724368]Target Performance Requirements for Carrier Phase Positioning
Submitted Proposals:
· [bookmark: OLE_LINK1](Huawei, R1-2205870[1]) Proposal 1:  Rel-18 shall target the accuracy requirement of 1cm@50% for positioning using carrier phase measurement. 
· (Lenovo, R1-2206500[8]) 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.
· (CMCC, R1-2206919[13])Observation 1: The carrier phase positioning is shown with the following benefits ideally:
· More accurate time of arrival can be obtained by measuring the phase change of the carrier;
· More tolerant to bandwidth, a potential solution for Redcap positioning;
· (Ericsson, R1-2207622[21]) Proposal 8	Study if a 2D positioning assumption is realistic when the target accuracy level is in the order of centimeters/ decimeter.

FL Comments
It is expected that the positioning accuracy will be significantly increased with the NR carrier phase measurements. When the integer ambiguity is resolved correctly, it is expected that the positioning accuracy to be the fraction of the carrier wavelength, i.e., in the centi-meter level under the assumption that ARP and antenna phase center offset are well determined or calibrated duing the implementation. Thus, the suggestion is to first adopt the target accuracy of 1cm for horizon accuracy and 3 cm for vertical accuracy, and then determine the value of the percentage, which depends mainly on the successful rate of the correct resolution of the integer ambiguity in the simulation evaluations.
[bookmark: _Toc111724370] (H)(Round 1) Proposal 15-1
· In Rel-18 the target positioning requirements with the NR carrier phase positioning method are defined as follows:
· Horizontal position accuracy (< 1 cm for [X%]) of UEs 
· Vertical position accuracy (< 3 cm) for [X%]) of UEs 
· FFS: X%
· Note: The target positioning accuracy requirements may not necessarily be reached for all scenarios and deployments.

	Company
	comments

	Locaila
	Why (and How) do we assume the integer number estimation is correct? 
The carrier phase positioning accuracy should be measured in combination with (accuracy for Integer number estimation + accuracy for phase estimation). If we consider the error rate of integer number estimation, the proposed target accuracy may be too high.


	vivo
	Can we FFS vertical position accuracy since no related simulations are provided and the vertical accuracy is not very good usually? 
For X, we prefer 50%.
 In addition, we prefer to change the main bullet as follows
· For evaluation of NR carrier phase positioning, the following accuracy requirements are considered



	ZTE
	1 cm is too high considering some errors such as initial random phase at both TRP and UE side, ARP error, etc.  We propose 5cm for 50% UE.

	Huawei, HiSilicon
	OK in general.
We are fine to remove vertical requirement.

	Samsung
	OK

	CATT
	Support 

	Intel
	OK

	
	

	
	



[bookmark: _Toc111724371]Additional 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.




Submitted Proposals:
·  (ZTE, R1-2205903[2]) Proposal 2: The following carrier phase error model is adopted for simulation assumption.
· Random carrier phase error at transmitter : , where the phase is normalized to 0~1. 
·  (Locaila, R1-2206227[4]) Proposal 1) We suggest capturing the simplified carrier phase equations in (1) through (9) above in the TR38.859 and using them as a basic form for the mathematical discussion of the carrier phase method in the following meetings
· (CATT, R1-2206407[6]) Proposal 1: The carrier phase measurement model for the evaluation of NR CPP should at least consider the following error sources:
· the TRP and UE clock offsets
· the TRP and UE initial phase offsets
· the integer ambiguity
· the phase measurement noise errors
· (CATT, R1-2206407[6]) Proposal 9: For evaluation of NR CPP in Rel-18 SI, initial random phases of TRPs should be considered to be TRP-specific, e.g., it is the same for all carrier phase measurements.
· (Nokia, R1-2206491[7]) Proposal 5: RAN1 to study the effect of phase noise on the accuracy of CP estimates and assess whether means of compensating for the associated errors is required. 
· (Samsung, R1-2206833[12]) Proposal 11: Study and evaluate the use of the UEs mobility to create a virtual antenna array.
· (Fraunhofer, R1-2207126[15]) Proposal 6: Study the impact and feasibility of carrier phase/group delay calibration for phase based high accuracy positioning 
·  (Qualcomm, R1-2207240[16]) Proposal 1: Discuss and select reasonable combinations of parameter values to model the impact of multiple coexisting phase error sources.
· (Ericsson, R1-2207622[21]) Proposal 3	For simulations it can be assumed that all TRPs are phase-aligned.

FL Comments
In RAN1#109e, we have the agreement to reuse the simulation assumptions of NR Rel-16/17 for carrier phase positioning. Consider that the NR carrier phase positioning performance will be evaluated with the carrier phase measurements of a single measurement instance, or multiple measurement instances, there may be a need to clarify when the impact of CFO/Doppler and Oscillator-drift should be considered. When the carrier phase measurements of a single measurement instance are used, there is no need to further consider the CFO/Doppler and Oscillator-drift, which are related to the time duration of the measurements. There may be a need to clarify how to model other errors, such as transmitter/receiver initial phase errors, the transmitter/receiver antenna reference point location errors, and phase center offset. In the baseline evaluation assumptions, we may assume there is no ARP and antenna phase center offset errors.
Since NR carrier phase positioning is new for 3GPP, and the algorithms for supporting the NR carrier phase positioning are tightly related to the carrier phase modelling, thus it might be useful as suggested in [4] to include the basic carrier phase measurement equation in the TR TR38.859, which may facilitate further discussion of the algorithms and techniques used in NR carrier phase positioning.
[bookmark: _Toc111724372](H)(Round 1) Proposal 16-1
· Additional baseline assumptions for the evaluation of NR carrier phase positioning:
· When the carrier phase measurements of a single measurement instance measured within the same time slot are used, there is no need to consider the error sources of CFO, Doppler, and oscillator-drifts.
· The TRP/UE initial phase offsets are modelled as random variable per TRP/UE, evenly distributed within [0, 2pi].
· If the carrier phase measurements of multiple carrier frequencies are used,  the TRP/UE initial phase offsets are also modelled per carrier, i.e., it is the same for all carrier frequencies within the same carrier, but different for different carriers.
· Transmitter/receiver antenna reference point location errors are not considred.
· Phase center offset are not considred.

	Company
	comments

	vivo
	For the second bullet, the time-varying phase model needs to be introduced. Otherwise, there is no doubt that the phase error of the UE can be differentially canceled perfectly. But in fact, the phase changes with time, and the measurement at different times cannot completely eliminate the initial phase error.
FL: For the baseline case, we are considering the single measurement instance. We could further add the constraint, e.g., measured at rhe same slot, for concern of phase changes with time at different times. 
For the third bullet, in addition to phase error, timing offset, and ARP location errors among  CCs also need to be considered for multiple carrier frequency measurement.
FL: The bullets have coverve the case “different for different carriers”. 
For the last two bullets, we prefer to consider one at least.
FL: We could add other error sources so we can study the impact in comparion with the baseline performance.

	ZTE
	Support in principle.  We think the first several meetings should focus on simulation assumptions and results comparison. Hence, this proposal should be the first priority one. 

	Huawei, HiSilicon
	OK

	CATT
	Support

	Xiaomi 
	As for the first bullet, does it mean the error source of CFO, Doppler and oscillator-drifts is not changed for a single measurement instance, so it can be omitted?  But we think the absolute Doppler shift is existed at each measurement instance. And also for different path, the Doppler shift will be different. 

	FL
	Based on the discussion in the offline session, it seems different companies may have different views on what should be captured as the baseline simulation assumptions, and different companies have different views on the potential impact. A potential way to resolve this is to revise the proposal with a list of the candidate assumptions for each of the considered error sources, and then up to companies to consider which of them are used in their simulations.

	Vivo 2
	For the previous FL  reply” The bullets have coverve the case “different for different carriers””, we share a different understanding. For example, per UE, and per carrier initial phase can be removed by a single differential, but the ARP error per carrier can not, and the timing offset may exceed the one cycle, it may not be covered by the initial phase and will be impacted on propagation measurement.
So for the round 2 proposals, we hope we can only discuss the single carrier assumption, the multiple carriers assumption can be FFS or depend on the companies.

 


	
	

	
	





(H)(Round 2) Proposal 16-1
· Consider the following assumptions for the evaluation of NR carrier phase positioning when the carrier phase measurements of single carrier frequency or multiple carrier, or multiple (sub)carrier frequencies:
· Number of measurement instances used for each positioning calculation: 
· Baseline: 1:
· Optional: 5, 10,  Tracking mode
· CFO/Doppler: 
· Baseline: 0, 100Hz
· Optional: 500Hz, 1000Hz}
· Oscillator-drifts: 
· Baseline: 0.1 ppm (TRP), 0.5 ppm(UE)
· Optional: 1 ppm (UE)
· TRP/UE initial phase offsets:
· Random variable evenly distributed within [0, 2pi].
· For carrier phase measurements from multiple subcarrier frequencies in the same carrier, the TRP/UE initial phase offsets are modelled to be the same for all subcarrier frequencies
· For carrier phase measurements from multiple carrier frequencies in different carriers in the same or different bands, the TRP/UE initial phase offsets are modelled as independent random variables.
· Transmitter/receiver antenna reference point location errors:
·  Baseline: no ARP errors
· Optional: 3D, zero-mean normal distribution with 1sigma=[1, 5, 10]cm in each dimension.
· Phase center offset:
· Baseline: 0
· Optional: FFS
· Note 1: For CFO/Doppler and Oscillator-drifts, if the carrier phase measurements of multiple (sub)carrier frequencies are used, the CFO/Doppler and Oscillator-drifts are assumed to be the same for all of the (sub)carrier frequencies;

	Company
	comments

	
	

	
	



[bookmark: _Toc111724373](Closed) Proposal 16-2
· Transmitter/receiver antenna reference point location errors can be optionally modelled as 3D (x, y, z), zero-mean, normal distribution with 1sigma=[0, 1, 5, 10]cm in each dimension.

	Company
	comments

	ZTE
	This proposal conflicts with the proposal 16-1. 
FL: 16-1 is for baseline study. Here, we further investigate the impact of ARP error.

	Huawei, HiSilicon
	No need to have 0 as the signma value.
FL: Okay. 

	CATT
	Support. Fine to remove ‘0’.
	Support

	FL
	Merged into Proposal 16-1 based on the offline session discussion.

	
	

	
	

	
	

	
	

	
	




(Round 1) Proposal 16-3
· Consider capturing the following NR carrier phase measurement equation into the TR38.859 and using them as a basic form for the discussion of the carrier phase positioning methods/algorithms in the SI.

The NR carrier phase measurement between a transmitter (TRP or UE)‘i’ and a receiver ‘a’ (UE or TRP) can be expressed as follows: 
	
	
	


where
·  is the carrier phase measurement at time t (cycles);
· is the geometric distance between the transmitter antenna of ‘i’ and the receiver antenna of ‘a’ (meters);
·  is an unknown integer ambiguity;
· the clock errors of transmitter ‘i’ and receiver ‘a’ respectively (meters);
·  and  are the phase offset caused by initial phase offsets of the of transmitter ‘i’ and receiver ‘a’ at initial time , respectively (meters);
·  is the speed of light (meters/second);
·  is the wavelength of the carrier frequency (meters);
·  is the carrier phase measurement error, which may include the measurement errors due to multipath, phase noise, etc. (meters).
Note 1: For a receiver that does not have the capability to track the changes of the carrier phase, the reported NR carrier phase measurement at a given time t is a fraction of a cycle:

Note 2: For the receiver that has the capability to track the changes of the carrier phase after initial time  without cycle slip, the reported NR carrier phase measurement at a given time t may have two parts: the integer number that counts the change of cycles,  and a fraction of a cycle , where 




	Company
	comments

	Locaila
	in ,   (t) should be removed because the geometric distance doesn't change with time.
FL: “The geometric distance doesn't change with time” applies only when UE and TRP are statioinary. For math modelling, we need to consider more general case when the target UE can move.

in , what's the initial phase at t0 ?  Does it mean allocated PRS sequence value ? 
FL: In the receiver side, initial phase can be a random value when the receiver locks the carrier signals. From the transmitter side, the initial phase can be a random value when the transmitter starts generating the carrier signals. 

We don't agree on the assumption in Note 1 and Note 2. We believe cycle slip is an irrelevant issue to 5G NR because gNBs are not moving. It is simple to confine the range of measured phase within      
FL: gNB may not moving, but UE may move. If the carrier phase measurements are used for tracking purpose, there is a need to report the integer count. By the way, reporting integer count does not mean “cycle slip”. In my understanding the term “cycle slip” is used when the PLL does not track the change of the integer cycles correctly. In this case, it is “cycle slip” happens, i.e., the integer ambiguity changes, which may result in the error in the position calculation if the new integer ambiguity can not be corrected right away.

Therefore, we suggest following simplified form.



·  is the normalized carrier phase measurement at time t (i.e.  )


	Huawei, HiSilicon
	OK with the FL proposal, but the two Notes should be removed.
FL: The intention of the notes to have the common understanding on what the reported carrier phase can be. For GNSS positioning, the reported carrier phases include both the counted integer since the PLL lockes the carrier phase and the fractional part. For NR, if only single-shot is supported, there is obvious no need/not meaningful to report the integer part. 

	
	

	CATT
	Support

	
	

	
	

	
	

	
	

	
	




[bookmark: _Toc111724374]Evaluation Results
Submitted Proposals:
· (Locaila, R1-2206227[4]) Proposal 2) Capture the results of the field experiment in Figures 2~3 above in TR38.859 and use them for comparison with other simulation results.
· (Nokia, R1-2206491[7]) Proposal 1: Include the above results in the TR
· (Nokia, R1-2206491[7]) Proposal 2: RAN1 to conclude that NR CP provides significant accuracy gains over existing techniques. 

FL Comments:
Many companies have provide the simulation results. Here, we propose to follow the practice of Rel-16/Rel-17 to use the templates for the collection of NR CPP evaluation results. The motivation is to have unified structure for collection of results, simplify integration of the results in the 3GPP TR and facilitate analysis of results and preparation of conclusions based on submitted results.
[bookmark: _Toc111724375] (H)(Round 1) Proposal 17-1
· Adopt the following templates for collect SL positioning simulation results.
· Note: 
[bookmark: _Toc3363827]
--------------------------------------- Start of template for collection of NR carrier phase positioning results --------------------------------
[bookmark: tableOfContents][bookmark: _Toc111724376][bookmark: _Toc43381263]X.Y Performance analysis for NR positioning enhancements 
X.Y.1 Evaluation results from source [A]
X.Y.1.1 Description of evaluation scenarios
It is recommended to provide the information related to the evaluation scenarios, key techniques and parameters into the following table 
Table X.Y.1-1: NR positioning enhancements - evaluation scenarios and parameters [A]
	Parameter
	[Case ID], [Scenario]
	[Case ID], [Scenario]
	[Case ID], [Scenario]

	Scenario 
[TS 38.855, TS 38.857]
	
	
	

	Single carrier frequency, or multiple carrier frequencies, GHz
	
	
	

	Bandwidth, MHz
	
	
	

	Subcarrier spacing, kHz
	
	
	

	RS signal descriptions
(PRS or posSRS, Number of OFDM simbles, Comb size)
	
	
	

	NR Carrier phase positioning method 
(DL, UL, or DL+UL(RTT))
	
	
	

	R16/R17 positioning method 
(if it is used together with CPP)
	
	
	

	Carrier phase estimation techniques 
(time-domain, freq-domain, references)
	
	
	

	Differential positioning techniques if used 
(e.g., single differential, double differential, etc.)  
	
	
	

	Integer ambiguity resolution techniques 
(e.g., virtual Integer ambiguity, LAMBDA, cost functions, Least squares, …)
	
	
	

	Multipath mitigation techniques
(e.g., first path detection, ...) 
	
	
	

	Single-measurement instance CPP, or multiple measurement instances CPP
	
	
	

	UE position calculation algorithm (e.g. Least squares, Taylor series, …)
	
	
	

	Network synchronization assumption (e.g., 0ns, 10ns, ..)
	
	
	

	UE/TRP Initial phase offset 
	
	
	

	CFO/Doppler
	
	
	

	Oscillator-drifts
	
	
	

	ARP errors
	
	
	

	Phase Center Offsets
	
	
	

	Phase noise (FR2)
	
	
	

	Additional notes, if any
	
	
	



X.Y.1.2 Positioning accuracy evaluation results for NR carrier phase positioning
Table X.Y.2-1: NR carrier phase positioning - horizontal accuracy [A]
	[Case ID], [Scenario]
[additional descriptions]
	50%
	67%
	80%
	90%
	Meet target requirements? 
(Y/N)
	Additional comments

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	


Note: It is up to the companies whether to include additional descriptions for each case, and which information are included. For example, it may include the error sources considered in the evaluation of the case, and/or the number of carrieries, and/or DL or UL CPP, etc.

Table X.Y.2-2: NR carrier phase positioning – vertical accuracy [A]
	[Case ID], [Scenario], [additional descriptions]
	50%
	67%
	80%
	90%
	Meet target requirements? 
(Y/N)
	Additional comments

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	


Note: It is up to the companies whether to include additional descriptions for each case, and which information are included. For example, it may include the error sources considered in the evaluation of the case, and/or the number of carrieries, and/or DL or UL CPP, etc.

Note: Companies are welcome to provide results in the form of CDF figure. It is recommended to limit figure scale X- axis [0 : 0.1 : 5]m or less and Y-axis [0 : 0.1 : 1]. Legends of lines recommended to be marked by tags: [Case ID], [Scenario]
--------------------------------------- End of template for collection of NR carrier phase positioning results --------------------------------

	Company
	comments

	Locaila
	WE generally agree on the proposed template, except the last 7 factors, including “UE/TRP Initial phase offset” , “CFO/Doppler”, 
“Oscillator-drifts” , “ARP errors” , “Phase Center Offsets”, “Phase noise (FR2)”, “Additional notes, if any” …

Suggest to combine them in one “others” category. 

FL Different error source may have different impact on the positioning. It may be better to have separate rows for them, although we do not preclude some companies want to combine them together during the evaluation.


	vivo
	Firstly, Can we add “Least squares” (that is use of Least square to calculate integer cycles based on multiple TRP carrier phases and timing measurements) in the example of Integer ambiguity resolution techniques in Table X.Y.1-1
FL: Okay.
Secondly, whether we need to add a column to identify whether the requirement can be satisfied or not
FL: Okay. Hopefully, we can have some agreement on the target requirements for the evaluartion purpose.

	ZTE
	The first row should be scenario rather than channel model. 
FL: Okay. 

	Huawei, HiSilicon
	OK

	CATT
	Support

	Intel
	OK; also second ZTE’s suggestion.

	
	

	
	

	
	



[bookmark: _Toc111724377]Reference Signals for Carrier Phase Measurements
Submitted Proposals:
· (vivo, R1-2206048[3]) Proposal 1:	To reuse the existing signal(SRS, or PRS) for carrier phase measurement.
· (Locaila, R1-2206227[4]) Proposal 7) We propose re-design of the current NR PRS is necessary for the efficient application of the carrier phase method.
· (Locaila, R1-2206227[4]) Proposal 8) At least consider introducing continuous PRS signals with subcarrier waveforms for uplink PRS, especially for V2X applications.
· (OPPO, R1-2206274[5]) Proposal 1: The NR phase measurement-based positioning shall be based on the existing DL PRS and SRS for positioning. 
· (Lenovo, R1-2206500[8]) 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, R1-2206500[8]) 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, R1-2206500[8]) Proposal 4: RAN1 to further study the support of narrower bandwidth configurations for carrier phase-based positioning.
· (China Telecom, R1-2206694[10]) Proposal 1: The existed DL-PRS or UL SRS-Pos can be the candidates for phase based positioning. 
· (China Telecom, R1-2206694[10])Proposal 2: The possible modification on the pattern of reference signal especially the supplement of the short transmission period can be considered.
· (Samsung, R1-2206833[12]) 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, R1-2206833[12]) 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.
· (InterDigital, R1-2207090[14]) Proposal 5: Study new PRS designs for carrier phase measurements for UL and DL.
· (InterDigital, R1-2207090[14]) Proposal 6: A method to differentiate multiple PRSs, if they are transmitted at the same time-frequency resource, should be identified.

FL Comments:
Whether to introduce new reference signals for carrier phase measurements was intensively discussed in RAN1$109e [23] without conclusion.  The majority companies supported the reuse of the existing signal(SRS, or PRS) for carrier phase measurement in this last meeting. Based on the SID [22], we should “Focus on reuse of existing PRS and SRS, with new reference signals only considered if found necessary”. Based on the contribusions in RAN1#109e and RAN1#110, it looks most companies consider it is feasible to obtain the carrier phase measurements from the existing PRS and SRS signals, at least for at least for single instance carrier phase measurements. But, further improvement is also desired, since it may be difficult to use existing PRS and SRS for tracking applications. 
(Round 1) Proposal 18-1
· Further disucss whether it is necessary to introduce new positioning reference signals for carrier phase measurements for UL and DL, or the modifications of existing DL PRS and/or UL SRS for positioning signals for carrier phase measurements.

	Company
	comments

	Locaila
	We strongly suggest that improvement of current PRS signal is necessary. 

	Huawei, HiSilicon
	Low priority.
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	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:
·  (InterDigital, R1-2207090[14]) Proposal 11: Support both UE-based and UE-assisted NR carrier phase positioning

FL Comments
It was agreed in RAN1#109e to include both UE-based and UE-assisted NR carrier phase positioning in SI as shown in above agreement.

	Company
	comments

	Locaila 
	we support both options
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