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[bookmark: _Toc111724340][bookmark: _Toc54552893][bookmark: _Toc32744954][bookmark: _Toc48211438][bookmark: _Toc69027112][bookmark: _Toc62397266][bookmark: _Toc54553015]Introduction
The Rel-18 SI “Study on expanded and improved NR positioning” was approved in RAN1#94e (RP-213588) [23], which includes the following objective:
· Study solutions for accuracy improvement based on NR carrier phase measurements [RAN1, RAN4]
· Reference signals, physical layer measurements, and physical layer procedures to enable positioning based on NR carrier phase measurements for both UE-based and UE-assisted positioning [RAN1]
· Focus on reuse of existing PRS and SRS, with new reference signals only considered if found necessary

RAN1 started working on above objective since RAN1#109e. The progress so far has been captured in [24-26]. RAN1#111 is ecxpeted to be the final meeting for the study item. This contribution summarizes the discussions in RAN1#111 for above objective based on the submitted contribusions [1-22].

[bookmark: _Toc54552895][bookmark: _Toc48211442][bookmark: _Toc54553017][bookmark: _Toc48211440][bookmark: _Toc511230578][bookmark: _Toc511230715]The discussion mainly includes the following aspects: 
· Evaluation and observations
· Potential specification impact
· TPs for conclusions

Note: In the summary, the FL proposals marked with (H) are chosen as high-priority proposals for online/offline discussions. However, it is encouraged to provide inputs for all FL proposals. The FL may adjust the priority of the proposals based on the inputs of the interested companies during the meeting when it is necessary.


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

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

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

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

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

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

Agreement (RAN1#110bis-e)
Make the following modification to the previous agreement on the initial phase model with an additional note:
· In the evaluation of NR carrier phase positioning, the offset between both the initial phase of the transmitter and the initial phase of the receiver can be modeled as a independent random variables uniformly distributed within [0, X2pi].
· Note: The initial phase of a transmitter applies to all subcarriers of the same carrier frequency associated with the transmitter, and the initial phase of a receiver applies to all subcarriers of the same carrier frequency associated with the receiver.
Agreement (RAN1#110bis-e)
Further study the benefits of using the carrier phase measurements of multiple DL positioning frequency layers for NR carrier phase positioning, which may include the impact of the time gap between the carrier phase measurements of multiple DL PFLs.
· Note 1: The initial phase error and the frequency error for each PFLs can be modelled independently
· Note 2: For the evaluation, the PRS signals of all PFLs of a TRP can be assumed to be transmitted from the same ARP or from different ARPs of the TRP.
· Note 3: The location error for ARPs can be modelled independently.
· Note 4: The timing errors of the PFLs may not be the same for PFLs in different bands or frequency ranges.
· Note 5: In Rel-17, simultaneous reception of DL PRS from multiple frequency layers is not supported
Agreement (RAN1#110bis-e)
Add the following note to the previous agreement on error modelling of the initial phase:
· Note: The initial phases of a transmitter for different carriers can be assumed to be independent of each other. Similarly, the initial phases of a receiver for different carriers can be assumed to be independent of each other.

Agreement (RAN1#110bis-e)
Add a row of "PRU assumptions" in Table B.4.X.1-1: NR carrier phase positioning enhancements – evaluation scenarios and parameters” in Draft TR 38.859.
· Note: PRU deployment assumptions may include the assumptions of the number of PRUs, the PRU locations and location errors etc.





FL Comments

The evaluation results depends highly on the evaluation assumptions and the algorithms used in the evaluation. For the observations of the evaluation results, we may not be able to capture all of the details of the evaluation cases in Section 6.3.2. Given that the details of the evaluation assumptions are provided the contributions or in Annex B.4 in TR 38.859 by each company, we may only list the main assumptinos that are considered. However, it may be helpful to point this out in Section 6.3.2 before the providing the observations of the evalution results.

(Closed)  Proposal 2.1-1
Adopt the following TP modification for TR 38.859 (Section 6.3.2):

==== START of TP  (for TR 38.859) ====

6.3.2 Summary of Evaluations for NR Carrier Phase Positioning

The methodology for the evaluation of NR carrier phase positioning can be found in Annex A.3. 

Different evaluation assumptions may be used for the evaluation cases by different sources. Different algorithms and methods may also be used for estimating the carrier phases and determining UE’s location based on the carrier phases. Thus, for the observations of evaluation results presented in this section, it is important to consider the details of the evaluation assumptions as well as the algorithms and methods provided by each source in the references (e.g., in Annex B.4).

==== END of TP ====


	Company
	comments

	Qualcomm
	OK

	CATT
	OK

	ZTE 
	OK

	Samsung
	OK

	LGE
	OK

	FL
	See chairman’s note for agreement




Tagret requirement
Submitted Proposals:
· (Huawei, R1-2210903[1]) Proposal 1:  Rel-18 shall target the accuracy requirement of 1cm@50% for positioning using carrier phase measurement.
· (Nokia, R1-2211312[6]) Proposal 4: RAN1 won’t discuss or set a requirement for carrier phase based positioning in Rel-18.
· (Lenovo, R1-2211743[13]) Proposal 1: RAN1 should 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.
· (LGE, R1- 2211924[14]) Observation 9: For the CPM positioning and especially for the indoor scenarios, both horizontal and vertical positioning accuracy should be addressed.

FL Comments:
It is highly desirable to have a clear target accuracy requirement for NR carrier phase positioning for Rel-18, although this is not mentioned in the SID. Given that this is the final meeting of the SI, and many companies have provided the evaluation results, it may be the time for us to check if we have the consensus on the target accuracy requirement for NR carrier phase positioning for Rel-18.
(Closed) Proposal 2.2-1
· In Rel-18 the target horizontal accuracy requirement for NR positioning using carrier phase measurements is defined as 1cm for 50% of UEs.
· Note: Target positioning requirements may not necessarily be reached for scenarios and deployments.

	Company
	comments

	Qualcomm
	Target requirements in Rel-16/17 have come from SA1 group. We think it is not upto RAN1 to make up such requirements simply because SA1 did not provide a new requirement for Rel-18 carrier phase. We think we should avoid defining any target requirement, and instead compare performance against Rel-16/17 techniques

	CATT
	We are fine with the proposal. It is desirable to have it.

	ZTE
	We are open for the value, but the positioning accuracy usually varies in different scenario, would it better to define different estimation standard in various application scenario, e.g., InF-DH/SH, etc. 


	Samsung
	We would like to carify the meaning of “50% of the UEs” is this 50% of all UEs in the system at any time, or UEs perform CPP, 50% of them achieve 1 cm accuracy (not all UEs might perform CPP for example based in the measured multi-path condition at the UE). This requirement is not very clear. We tend to agreed with Qualcomm that requirements should come for SA1.

	LGE
	We don’t see strong needs to define target requirement. However if majority companies prefer to have the target requirement for WI discussion, we are open to discuss this issue. Also it seem better to consider not only horizontal but also vertical positioning accuracy.

	FL
	Lack of support. Suggest closing the discussion.




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

Agreement (RAN1#110bis-e)
Further study the effectiveness of the following multipath mitigation methods for the carrier phase positioning and the potential on the standard work:
· Identify and separate the first path and other paths.
· Reporting of the carrier phase of the first path, and optionally, the additional paths.
· The use of LOS/NLOS indication for the carrier phase measurements.
· Note: Rel-17 LOS/NLOS indicator can be considered as a starting point.
· The report of other channel information, such as RSRP/RSRPP.
 
Agreement (RAN1#110bis-e)
Further study the following approaches for NR carrier phase positioning, and identify the potential impact on the standard.
· the reporting of the carrier phase measurements together with the existing positioning measurements.
· the reporting of the carrier phase-based measurements alone without reporting the existing positioning measurements.






1.1.1 Basline evaluation results under different RF channels
Submitted observations/proposals:
· (vivo, R1-2211014[2]) Observation 6:
· With ideal integer cycles, the accuracy is 0.0033m @80% and 0.0012@50% in InF- SH.
· With estimated integer cycles by cost function, the accuracy is 0. 0044@80% and 0.0014m @50% in InF- SH.
· (vivo, R1-2211014[2]) Observation 7:
· With ideal integer cycles, the accuracy is 0.01 @80% and 0.003@50% in InF- DH.
· With estimated integer cycles by cost function, the accuracy is 0.33m @80% and 0.007@50% in InF- DH.
· The performance is worse than TDOA @80%
· Nearly 8 times better performance compared to TDOA @50%
· (vivo, R1-2211014[2]) Observation 8:
· For InF-SH scenario, without additional error, the positioning accuracy @50% with carrier phase positioning can be improved to within 1cm.
· For InF-DH scenario, without additional error, the positioning accuracy @50% with carrier phase positioning can be improved to within 1cm.
· (vivo, R1-2211014[2]) Observation 9:
· Compared to the performance of InF-SH and InF-DH, it can be observed the carrier phase performance degrades in NLoS/ multipath scenario.
· (CATT, R1-2211205[4]) Observation 2: It is feasible to reach the centimeter-level positioning accuracy by the use of carrier phase measurements when additional error sources are not considered.
· For InF-SH scenario, NR carrier phase positioning accuracy is much higher than TDOA positioning accuracy under the same evaluation assumption:
· DD DL-TDOA (Case 1): 7.2cm (@50%) and 11.7cm (@80%).
· DL-CPP (single carrier frequency) (Cases 2): <1.0cm (@50%) and <1.0cm (@80%).
· DD DL-CPP (single carrier frequency) (Cases 3): <1.0cm (@50%) and <1.0cm (@80%).
· DD DL-CPP (two subcarrier frequencies) (Case 4): <1.0cm (@50%) and <1.0cm (@80%).
· DD DL-CPP (two carrier frequencies) (Case 5): <1.0cm (@50%) and <1.0cm (@80%).
· For InF-DH scenario, NR carrier phase positioning accuracy is better than TDOA positioning accuracy when NR carrier phase measurements are available from only a single carrier frequency. When NR carrier phase measurements from multiple (sub)carrier frequencies are available, the positioning accuracy is much better than TDOA positioning accuracy, due to the improvement of the resolution of the integer ambiguity.
· DD DL-TDOA (Case 6): 8.3cm (@50%) and 12.3cm (@80%).
· DL-CPP (single carrier frequency) (Cases 7): 0.6cm (@50%) and 3.0cm (@80%).
· DD DL-CPP (single carrier frequency) (Cases 8): 4.6cm (@50%) and 14.8cm (@80%).
· DD DL-CPP (two carrier frequencies) (Case 9): 1.0cm (@50%) and 2.7cm (@80%).
· (Nokia, R1-2211312[6]) observation 4: Significantly improved accuracy over Rel-17 is possible with NR CP methods.
· (Nokia, R1-2211312[6]) Proposal 1: Include the above results in the TR. 
· (ZTE, R1-2212520[10]) Observation 1: Assuming receiver can get perfect phase between itself and the transmitter, very high positioning accuracy can be achieved, especially under a large searching range of integer values.
· (ZTE, R1-2212520[10]) Observation 2: For the cases with practical phase estimation, and without initial phase error models:
· For SH scenario, a proper integer ambiguity search range is needed to get best performance, and too small or too larger search range will cause performance loss.
· 1cm(50%) positioning accuracy can be achieved.
· For DH scenario which has no sufficient LOS links, there is no performance benefit observed compared with TDOA method
· (LGE, R1- 2211924[14]) Observation 10: For the 100 MHz BW, 90% of UEs can achieve centimeter level accuracy for both the horizontal and vertical positioning when no synchronization error is assumed. 
· (LGE, R1- 2211924[14]) Observation 11: Higher CPM based positioning accuracy can be achieved as larger BW size is used. 
· (LGE, R1- 2211924[14]) Observation 12: Performance degradation of the positioning accuracy are observed as lower BW size is used
· For 50MHz BW, 80% UEs can achieve centimeter level positioning accuracy
· For 20MHz BW, 50% UEs can achieve centimeter level positioning accuracy
· (IIT Kanpur, R1-2212519[20])Observation 2: With multipath mitigation, positioning accuracy in carrier phase based positioning can meet the requirement of 2 cm for 50% UEs.
· (Qualcomm, R1-2212124[17]) Proposal 3: Capture in the TR, the results tabulated in Section 5 and the observations and Proposals summarized in Section 4 of this contribution 
· (Qualcomm, R1-2212124[17]) Proposal 4: Capture in the TR, the gains of carrier phase positioning relative to legacy Rel-17 positioning.
· 

FL Comments:
Many companies (e.g., [4]) have provided the evaluation results based on the simulation assumptions agreed in the previous meetings together with the observations obtained from the evaluation. For the simulation results, it was agreed in RAN1#110 to follow the practice of Rel-16/Rel-17 to use the templates in Section 17 under (H) Proposal 17-1 in R1-2207690 to collect the carrier phase positioning simulation results.

In this section, we focus on the potential NR CPP positioning accuracy under practical channel model conditions (e.g., IIoT InF-SH, IIoT InF-DH, etc.) but without considering the additional error sources, such as CFO/CPO, APR error, etc.). The evaluation results can be seen as the potential ‘best’ NR CPP performance under different channel conditions with the impact of the multipaths.

Based on the evaluation results provided by the companies, the FL suggest capturing the following observations in TR 38.859. 

(Closed) Proposal 2.3.1-1 Offline Consensus
Capture the following observation in TR 38.859 (Section 6.3.2):

The accuracy of NR carrier phase positioning is evaluated under different scenarios (e.g., InF-SH, InF-DH) defined in TS 38.901 without considering  the error sources listed in Annex X.Y.Z (e.g., timing/ frequency errors, antenna PCO and ARP position errors). The evaluation results can be seen as the reference for studying the impacts of the error sources listed in Annex X.Y.Z . 98 out of 110 sources ([Huawei/R1-2210903][vivo/R12211014][ CATT/R1-2211205][ Nokia/R1-2211312][ZTE/R1-2212520][LGE/ R1- 2211924][ Qualcomm/R1-2212124][Samsung, R1-2212550][Ericsson, R1-2212515]) show that the centimeter-level positioning accuracy can be achieved by the use of carrier phase measurements at least when other error sources are not considered. 2 out of 110 sources ([Intel/R1-2211406][OPPO/R1-2211435[9]) show that the centimeter-level positioning accuracy can be achieved by the use of ideal resolution of integer ambiguity:

· Source [Huawei, R1-2210903] shows (additional results are available in Annex B.4.X[Huawei])
· For InF-SH scenario:
· (no differential) UL-CPP (Cases 1): <1.0cm @50% and <1.0cm @80%.
· SD UL-CPP (Case 5): <1.0cm @50% and <1.0cm @80%.
· DD DL-CPP (Case 9): <1.0cm @50% and <1.0cm @80%.
· For InF-DH scenario
· (no differential) UL-CPP (Cases 2): <1.0cm @50% and <1.0cm @80%.
· SD UL-CPP (Case 6): <1.0cm @50% and 0.974m @80%.
· DD DL-CPP (Case 10): <1.0cm @50% and 1.014m @80%.
· Source [vivo, R1-2211014] shows (additional results are available in Annex B.4.X[vivo])
· For InF-SH scenario:
· SD DL-CPP(Case 102): <1.0cm@50% and <1.0cm @80%
· For InF-DH scenario
· SD DL-CPP (Case 202): <1.0cm@50% and 0.33m @80%
· Source [CATT, R1-2211205] shows:
· For InF-SH scenario:
· DD DL-TDOA (Case 1): 7.2cm @50% and 11.7cm @80%.
· SD DL-CPP  (Cases 2): <1.0cm @50% and <1.0cm @80%.
· DD DL-CPP  (Cases 3): <1.0cm @50% and <1.0cm @80%.
· DD DL-CPP (two subcarrier frequencies in one PFL) (Case 4): <1.0cm @50% and <1.0cm @80%.
· DD DL-CPP (two carrier frequencies, two PFLs) (Case 5): <1.0cm @50% and <1.0cm @80%.
· For InF-DH scenario
· DD DL-TDOA (Case 6): 8.3cm @50% and 12.3cm @80%.
· SD DL-CPP (Cases 7): 0.6cm @50% and 3.0cm @80%.
· DD DL-CPP (Cases 8): 4.6cm @50% and 14.8cm @80%.
· DD DL-CPP (two carrier frequencies, two PFLs) (Case 9): 1.0cm @50% and 2.7cm @80%.
· Source [Nokia, R1-2211312] shows:
· For InF-SH scenario:
· DD DL-CPP (Cases 1): <1cm @50% and <1cm @80%.
· Source [Intel, R1-2211406] shows:
· For InF-SH scenario:
· SD DL-CPP (Cases 1): <1cm @50% and <1cm @80% (with ideal resolution of integer ambiguity)
· Source [OPPO, R1-2211435] shows:
· For InF-SH scenario:
· SD DL-CPP (Cases 1): <1cm @50% and <1cm @80% (with ideal resolution of integer ambiguity)
· Source [ZTE, R1-2212520] shows:
· For InF-SH scenario:
· DL-CPP (multiple subcarriers with in one PFL)(Case 4-1-1): 0.11m @ 50% and 0.51m @80%
· DL-CPP (Case 4-1-2): 0.3cm @ 50% and  0.21m @ 80%
· For InF-DH scenario:
· DL-CPP (Case 4-2-1):0.33m @50% and 0.66m @ 80%.
· [bookmark: _Toc111724375]Source [LGE, R1- 2211924] shows:
· For InF-SH scenario (100MHz and 50MHz Bandwidth):
· SD DL-CPP (horizontal): <1cm @50% and <1cm @80%
· SD DL-CPP (vertical): <1cm @50% and <1cm @80%
· Source [Qualcomm, R1-2212124] shows:
· For InF-SH scenario (400MHz, FR2)
· SD DL-CPP(Case 1): 0.002cm @50% and <0.005cm @80%
· Source [Samsung, R1-2212550] shows:
· For InF-SH scenario (10MHz, @3GHz)
· Round-trip carrier phase with slope: < 1cm @ 50% and <1 cm @ 80%
· For InF-SH scenario (100MHz, @3.5GHz)
· Time domain and perfect phase : < 1cm @ 50% and <1 cm @ 80%
· Time domain and estimated phase : < 1cm @ 50% and ~1 cm @ 80%
· Source [Ericsson, R1-2212515] shows:
· For InF-SH scenario
· DD UL-CPP: <1cm @50% and 2cm @80%
· Note 1: Unless indicated otherwise, the results shown above are for horizontal positioning accuracy with a single carrier of bandwidth of 100MHz in FR1.
· Note 2: Evaluation results above are mainly used as examples. Additional results and more details of the evaluation assumptions may be provided by the sources in Annex B.4-X[Huawei, vivo, CATT, Nokia, Intel, OPPO,ZTE, LGE, Qualcomm, Samsung, Ericsson]).
· Note 3: The evaluation results for legacy positioning approach may also be available in each of the sources, or in TR 38.857.



	Company
	comments

	Qualcomm
	Add the following clarifying note: “These results without modeling of other error sources are not intended to be characteristic of what can be reasonably achieved with practical carrier phase schemes. They are presented in order to have a reference against which to compare the impacts of the various error sources in the phase measurements and the position computation, as studied in this TR”.

FL: Yes. We can make the following changes:

The accuracy of NR carrier phase positioning is evaluated under different scenarios (e.g., InF-SH, InF-DH) defined in TS 38.901 without considering other error sources (e.g., timing/ frequency errors, antenna PCO and APR position errors). The evaluation results can be seen as the reference for determining the impacts of other error sources on the NR carrier phase positioning.


	IIT Kanpur,
CEWiT
	Based on the results submitted by us in TDoc R1-2212519[20], we would like to add the following to the TR.
· Source [IIT Kanpur, R1-2212519[20]] shows:
For InF-DH scenario (100MHz, @3.5GHz)
· With multipath mitigation and ideal resolution of integer ambiguity (case 3): < 1cm @ 50% and <1 cm @ 80% 	
FL: The proposal is mainly for the potential positioning accuracy. But, my understanding for IIT Kanpur evaluation is for the distance accuracy. 

	CATT
	We are Okay with Qualcomm’s suggestion, or simpler to say “These results are presented in order to have a reference against which to compare the impacts of the various error sources in the phase measurements and the position computation, as studied in this TR.”

	ZTE
	Generally OK with the proposal. But the definition for single carrier or multiple carriers/subcarriers could be clarified. For example, in this proposal, there exists multiple subcarriers / two subcarrier frequencies, and single carrier / single carrier frequency, etc, we prefer unify the description. I fixed some values on ZTE’s evaluation results above.
FL: Made some changes as suggested. Butm the way, we have the note, there is no need to mention “single carrier” for all cases single carrier, I also removed the wording of “single carrier” for the signle carrier cases.

	LGE
	OK

	FL
	See chairman’s note for agreement.




1.1.2 Evaluation results with initial phases
	Agreement (RAN1#110bis-e)
Capture the following TP into TR 38.859 as an evaluation observation:
The impact of the initial phases of the transmitter and the receiver on NR carrier phase positioning is evaluated in the study item. The evaluation results from the sources (e.g., Huawei[1], vivo[2], CATT[6], ZTE[9]) show that if the initial phases of the transmitter and the receiver are not eliminated, it is impossible to support centimeter-accuracy positioning.
The effectiveness of using double differential technique with PRU to eliminate the impact of the initial phases of the transmitter and the receiver on NR carrier phase positioning are evaluated in the study item. The evaluation results from the sources (Huawei[1], CATT[6], ZTE[9], Ericsson [23]) show that the initial phases of the transmitter and the receiver can be removed effectively by the double differential technique with the use of the PRU:
· Source [Huawei, 1] shows the positioning accuracy of <1cm (80%) for Inf-SH and < 1cm (50%) for Inf-DH can be reached when the PRU is located within a distance of 5m from the target UE.
· Source [CATT, 6] shows the positioning accuracy of <1cm (80%) for Inf-SH and <1cm (50%) for Inf-DH can be reached under the under condition that the PRU is located a fixed location in LOS of the TRP.
· Source [Ericsson 23] shows that the accuracy of <1cm (50%) when the PRU is located within 1m of the target UE. However, the effectiveness reduces when the PRU is located away from the target UE because the channel conditions of the PRU is different from the target UE.
· Note: in the above results, all other error sources (except initial phase error) were not modelled.
(Not captured in TR) Note: The number of sources and the references, and the observations, can be further updated in next meeting depending on companies’ updates of simulation results. 



Submitted Proposals and observations:
· (Huawei, R1-2210903[1]) Observation 2: Double differential carrier phase can eliminate the random initial phase and oscillator-drift of the receiver and the transmitter.
· (Huawei, R1-2210903[1]) Proposal 3: Change the text agreed in RAN1#110bis-e to reflect the issue of initial phase problem only exists in the TRP side, i.e. between TRPs.
	The impact of the initial phases of the transmitter and the receiver on NR carrier phase positioning is evaluated in the study item. The evaluation results from the sources (e.g., Huawei[1], vivo[2], CATT[6], ZTE[9]) show that if the initial phases difference of between the transmitters for DL positioning and the initial phase difference between the receivers for UL positioning are not eliminated, it is impossible to support centimeter-accuracy positioning.

The effectiveness of using double differential technique with PRU to eliminate the impact of the initial phases of the transmitter and the receiver on NR carrier phase positioning are evaluated in the study item. The evaluation results from the sources (Huawei[1], CATT[6], ZTE[9], Ericsson [23]) show that the initial phases of the transmitter and the receiver can be removed effectively by the double differential technique with the use of the PRU:



· (vivo, R1-2211014[2]) Observation 14:
· With initial phase error within [0, 2pi], the positioning performance of carrier phase positioning degrades significantly. And the performance will be worse than TDOA only positioning.
· (CATT, R1-2211205 [4]) Observation 7: Single differential (SD) DL-CPP is affected by the initial phase offset and. dDouble differential technique fully eliminates the influence of initial phase offset. 
· InF-SH scenario:
· SD DL-CPP horizontal accuracy (Case 25): 6.8cm (@50%) and 12.8cm (@80%).
· DD DL-CPP horizontal accuracy (Case 26): < 1cm (@50%) and <1cm (@80%).
· InF-DH scenario:
· DD DL-CPP horizontal accuracy (Cases 27): 4.6cm (@50%) and 14.8cm (@80%).
· (CATT, R1-2211205[4]) Proposal 14: Adopt the following TP modification for TR 38.859 (Section 6.3.2):
	6.3.2 Summary of Evaluations for NR Carrier Phase Positioning
<Unrelated part omitted>
The effectiveness of using double differential technique with PRU to eliminate the impact of the initial phases of the transmitter and the receiver on NR carrier phase positioning are evaluated in the study item. The evaluation results from the sources ([73], [75], [76], [77]) show that the initial phases of the transmitter and the receiver can be removed effectively by the double differential technique with the use of PRU:
· Source [73] shows the positioning accuracy of <1cm (80%) for InfInF-SH and < 1cm (50%) for InfInF-DH can be reached when the PRU is located within a distance of 5m from the target UE.
· Source [75](R1-2211205) shows the positioning accuracy of <1cm (80%) for InfInF-SH and <14.6cm (50%) for InfInF-DH can be reached under the under condition that the PRU is located a fixed location in LOS of the TRP.
==== END of TP ====


· (Nokia, R1-2211312[6]) observation 4: Significantly improved accuracy over Rel-17 is possible with NR CP methods.
· (ZTE, R1-2212520[10]) Observation 4: PRU can alleviate the random initial phase error at gNB side from [0~2π] to about [0~0.06*2π].
· (ZTE, R1-2212520[10]) Observation 5: For a scenario with low LOS probability (e.g., InF-DH), the CPP is hard to improve positioning accuracy.
· (ZTE, R1-2212520[10]) Observation 6: For the case with [0~2pi] initial phase on both TRP and UE sides, with PRS assistant, the positioning accuracy of < 1cm (50%) for Inf-SH can be reached under the condition that the integer ambiguity range N is limited to ±1 .
· (ZTE, R1-2212520[10]) Observation 7: For the case with [0~2pi] initial phase on both TRP and UE sides, with PRS assistant, the positioning accuracy of ≤ 0.136m (50%) for Inf-SH can be reached under the condition that the integer ambiguity range N is limited to ±2 or N is no limitation, but it is still better than TDOA.
· (Nokia, R1-2211312[6]) Proposal 1: Include the above results in the TR. 
· (Nokia, R1-2211312[6]) Proposal 3: Capture the evaluation results provided in Appendix A in the TR.
· (Intel, R1-2211406[8]) Observation 2:	Differential processing between a receiving node and multiple transmitters can be used to eliminate the unknown initial phase offset at receiver.
· (Intel, R1-2211406[8]) Observation 5:	The initial phase difference between the TX generators of the reference and target TRPs needs to be calibrated to perform accurate RSTD measurements based on carrier phase differences.
· (IIT Kanpur, R1-2212519[20])Observation 3: To achieve the desired accuracy in carrier phase based positioning, mitigation of initial phase offset is necessary.
· (Samsung, R1-2212550[16]) Capture the following two Observations in the TR 
· Observation 3: The effectiveness of using round trip carrier phase positioning to eliminate the impact of the initial phases of the transmitter and the receiver on NR carrier phase positioning are evaluated in the study item.
· Source [Samsung, NN] shows a positioning accuracy of <0.5cm 96% of the time @ 5m, a positioning accuracy of <0.5cm 85% of the time @ 20m, and a positioning accuracy of <0.5cm 72% of the time @ 50m for InF-SH can be reached with round trip carrier phase positioning.
· (Samsung, R1-2212550[16]) Observation 4: The use of round trip carrier phase positioning to eliminate the impact of initial phase and reference timing mismatches of the transmitter and receiver has been studied and it improves the accuracy of carrier phase positioning.
· (Samsung, R1-2212550[16]) Observation 13: Round-trip carrier phase derivative with respect to carrier frequency can provide centimetre level accuracy.

FL Comments:

The above evaluation observation is already captured in draft TR 38.859 v0.2.0 in Section 6.3.2. Considering the additional evaluation results provided for this meeting, there is a need to modify the existing TP.

In [1], Huawei’s concern on the potential misunderstanding of “if the initial phases of the transmitter and the receiver are not eliminated” as “if the initial phases between the transmitters for DL positioning and the initial phases between the receivers for UL positioning are not eliminated”, maybe we can have the following simpler changes to avoid mentioning the difference of the initial phases: “that if the initial phases of the TRPs are not eliminated,”.



(Closed)(Round 1) Proposal 2.3.2-1
Adopt the following TP modification for TR 38.859 (Section 6.3.2):

==== START of TP for TR 38.859 ====

6.3.2 Summary of Evaluations for NR Carrier Phase Positioning

<Unrelated part omitted>

The impact of the initial phases of the transmitter and the receiver on NR carrier phase positioning (CPP) is evaluated in the study item. The evaluation results from the sources (e.g., [73], [74], [75], [76], [Nokia/R1-2211312]) show that if the impact of the initial phases of the transmitter TRPs and the receiver are not eliminated, it is impossible to support centimeter-level positioning accuracy.

The effectiveness of using double differential technique with PRU to eliminate the impact of the initial phases of the transmitter and the receiver on NR carrier phase positioning are evaluated in the study item. The evaluation results from the sources ([73], [CATT/R1-221120575], [ZTE/R1-221252076], [77], [Nokia/R1-2211312])) show that the initial phases of the transmitter and the receiver TRPs can be removed effectively by the double differential technique with the use of PRU :
· Source [73] shows the positioning accuracy of <1cm (80%) for InFf-SH and < 1cm (50%) for InFf-DH can be reached when the PRU is located within a distance of 5m from the target UE.
· Source [75][CATT/R1-2211205] shows the positioning accuracy of <1cm (80%) for InFf-SH and 4.6<1cm (50%) for InFf-DH can be reached under the under condition that the PRU is located a fixed location in LOS of the TRP.
· Source [77] shows that the accuracy of <1cm (50%) when the PRU is located within 1m of the target UE. However, the effectiveness reduces when the PRU is located away from the target UE because the channel conditions of the PRU is different from the target UE.
· Source [Nokia/R1-2211312] shows the positioning accuracy of < 1cm (80%) for InF-SH can be reached under the condition that the PRU is located a fixed location as shown in [Nokia/R1-2211312].
· Source [ZTE/R1-2212520] shows the positioning accuracy of < 1cm (50%) for InF-SH can be reached under the condition that the integer ambiguity range N is limited to ±1.
· Source [IIT Kanpur, R1-2212519] shows the distance accuracy degrades from 0.5cm @ 50% and 5.2cm @80% to 3.3cm @50% and 4.8cm @ 80% by the initial phase offset for InF-DH scenario.
· Note 1: in the above results, all other error sources (except initial phase error) were not modelled.
· Note 2: Unless indicated otherwsie, the results shown above are for horizontaol positioning accuracy with a single carrier of bandwidth of 100MHz in FR1.
· Note 3. Evaluation results above are mainly used as examples. Additional results and more details of the evaluation assumptions may be provided by the sources in Annex B.4-X[Huawei, vivo, CATT, Nokia, ZTE, IIT Kanpur].
==== END of TP ====


(Not captured in TR) Note: The source reference number may be updated when capturing the TP into the TR.

	Company
	comments

	CATT
	Okay

	ZTE
	OK

	Samsung
	As this proposal discusses methods to eliminate the impact of initial phases we think that round-trip carrier phase should also be included:
The effectiveness of using round-trip carrier phase technique to eliminate the impact of the initial phases of the transmitter and the receiver on NR carrier phase positioning are evaluated in the study item. The evaluation results from the source [Samsung/R1-2212550] shows a positioning accuracy of <0.5cm (96%) @ 5m, a positioning accuracy of <0.5cm (85%) @ 20m, and a positioning accuracy of <0.5cm (72%) @ 50m for InF-SH can be reached with round trip carrier phase positioning.

FL: The proposal is related to the use of PRU. Samsung’s resuls uses a different approach. This is should be a separate observation.

	LGE
	OK

	FL
	See chairman’s note for agreement.



(H)(Round 1) Proposal 2.3.2-2
Adopt the following TP modification for TR 38.859 (Section 6.3.2):

The effectiveness of using round-trip carrier phase technique to eliminate the impact of the initial phases of the transmitter and the receiver on NR carrier phase positioning are evaluated in the study item. The evaluation results from the source [Samsung/R1-2212550] shows a positioning accuracy of <0.5cm (96%) @ 5m, a positioning accuracy of <0.5cm (85%) @ 20m, and a positioning accuracy of <0.5cm (72%) @ 50m for InF-SH can be reached with round trip carrier phase positioning.

	Company
	comments

	Samsung2
	Support

	FL
	Discussed online w/o agreement. Multiple companies provided comments.



1.1.3 Evaluation with the frequency errors
	Agreement (RAN1#110bis-e)
Capture the following TP into TR 38.859 as an evaluation observation (for Section 6.3.2):
The impact of the residual CFOs of the transmitter and the receiver on NR carrier phase positioning are evaluated during the study item.
· The evaluation results from the sources (Huawei[1], ZTE[9]) shows the impact of residual CFOs on carrier phase positioning is negligible.
· The evaluation results from the source (CATT[4]) shows the impact of the residual CFOs on the positioning performance of carrier phase positioning is removed with the use of the double differential technique with the PRU that is located a fixed location in LOS of the TRP.
(Not captured in TR) Note: The number of sources and the references, and the observations, can be further updated in next meeting depending on companies’ updates of simulation results. 



Submitted Proposals and observations:
· (Huawei, R1-2210903[1]) Observation 1: the impact of CFO on carrier phase positioning is negligible.
· (vivo, R1-2211014[2]) Observation 10:
· With residual CFO, the positioning performance of carrier phase positioning degrades significantly 
·  With UE residual CFO 30Hz and TRP residual CFO 10Hz, the accuracy drops from 0.0044 to 0.2m @80% and from 0.0014 to 0.0017@50%in InF- SH.
· With UE residual CFO 100Hz and TRP residual CFO 10Hz, the accuracy drops from 0.0044 to 0.27m @80% and from 0.0014 to 0.0024@50%in InF- SH
· (vivo, R1-2211014[2]) Observation 11:
· With residual CFO, the impact on carrier phase measurement is negligible.
· With residual CFO, the impact on RSTD measurement with super-resolution is not negligible, so that, using the same range to search the cycle number, the performance of solving the integer cycle degrades.
· (CATT, R1-2211205[4]) Observation 5: The evaluation results show the impact of the frequency errors (including the CFO and oscillator-drift) on the carrier phase positioning can be eliminated by the use of the double differential technique (e.g., by comparing Case 18 and Case 19 in Table 3 with Case 3 and Case 8 in Table 1).
· (ZTE, R1-2212520[10]) Observation 11: The maximum ΔΦ is 0.0067*2π=0.0419 Rad for CFO=100Hz, BW=100MHz, SCS=30kHz, CombSize=2.
· (ZTE, R1-2212520[10]) Observation 12: A small frequency error even with 1000Hz CFO has minor impact on CPP even under perfect Φ.
· (ZTE, R1-2212520[10]) Observation 13: The phase error ΔΦ=0.0067*2π=0.0419 Rad from CFO is much less than the phase estimation error@CDF=90% which is about 0.037*2π=0.2325 Rad.
· (ZTE, R1-2212520[10]) Observation 14: A small frequency error even with 1000Hz CFO has negligible impact on CPP under practical Œ¶.
· The positioning accuracy of <0.5cm (50%) for Inf-SH can be reached with [-1000,1000]Hz frequency error while using practical carrier phase estimation.
· (Lenovo, R1-2211743[13]) Proposal 7: Time-varying residual CFO has a negative impact on the transmission and reception phase of PRS(DL)/SRS(UL), which affects the accuracy of the carrier phase measurements, and additional residual CFO tracking and compensation techniques could be studied for the carrier phase positioning case.
· (LGE, R1- 2211924[14]) Observation 13: CPM positioning accuracy without mitigation technique is degraded due to the CFO impact, but 67% of UEs can achieve centimeter level accuracy.
· (Qualcomm, R1-2212124[17]) observation 1: Some error sources, such as Doppler in FR1 at 3kmph, are small enough that they have negligible impact on the carrier phase positioning accuracy, in the simulated scenario.
· (Qualcomm, R1-2212124[17]) observation 2: Some error sources, such as residual CFO, Doppler in FR2, antenna phase response, and PRU location errors in FR1, do impact the carrier phase positioning accuracy, but there are gains from carrier phase in the simulated scenarios at the lower percentiles of the cdf, as long as the error source parameters are within certain bounds.
· (Qualcomm, R1-2212124[17]) observation 4: When multiple error sources coexist, the performance will depend on their individual impacts, e.g., on whether they are comparable or whether one source is dominant over the others. For parameterized error sources this will in turn depend on the chosen parameter values e.g., for CFO, Doppler etc, modeled using a truncated Gaussian with range [-2r, 2r], the parameter r.


(Closed)(Round 1) Proposal 2.3.3-1
Adopt the following TP modification for TR 38.859 (Section 6.3.2):

==== START of TP for TR 38.859 ====

6.3.2 Summary of Evaluations for NR Carrier Phase Positioning

<Unrelated part omitted>
The impact of the residual CFO at the transmitter and the receiver for NR carrier phase positioning are evaluated during the study item.
· The evaluation results from the sources ([73], [76]) show that the impact of residual CFO on carrier phase positioning is negligible.
· The evaluation results from the source ([75]) show that the impact of the residual CFO on the performance of carrier phase positioning can be mitigated with the use of the double differential technique with a PRU that is located at a fixed location in LOS of the TRP.
· The evaluation results from the source [vivo/R1-2211014] show that the impact of residual CFO on carrier phase measurement is negligible. However, carrier phase positioning accuracy degrades significantly with residual CFO with SD DL-CPP:
· With UE residual CFO 30Hz and TRP residual CFO 10Hz, the accuracy drops from 0.0044m to 0.2m @80% and from 0.0014m to 0.0017m@50% in InF- SH.
· With UE residual CFO 100Hz and TRP residual CFO 10Hz, the accuracy drops from 0.0044m to 0.27m @80% and from 0.0014m to 0.0024m@50% in InF- SH.
· The evaluation results from the source [LGE, R1- 2211924] show that carrier phase positioning accuracy degrades slightly with residual CFO with DD DL-CPP:
· With maximum residual CFO 30Hz between UE and TRP, the accuracy drops from 0.0010m to 0.0018m @50% and from 0.0046m to 0.0208m @80% in InF- SH.
· With maximum residual CFO 100Hz between UE and TRP, the accuracy drops from 0.0010m to 0.0027m @50% and from 0.0046m to 0.0440m @80% in InF- SH.
· The evaluation results from the source [Qualcomm, R1-2212124] show the impact of Doppler in FR1 at 3kmph is small enough that it has negligible impact on the carrier phase positioning accuracy, in the simulated scenario. 
· Note 1: Unless indicated otherwsie, the results shown above are for horizontaol positioning accuracy with a single carrier of bandwidth of 100MHz in FR1.
· Note 2. Evaluation results above are mainly used as examples. Additional results and more details of the evaluation assumptions may be provided by the sources in Annex B.4-X[Huawei, vivo, CATT, ZTE, LGE, Qualcomm].

==== END of TP ====


<Unrelated part omitted>


	Company
	comments

	CATT
	Okay

	ZTE 
	OK

	LGE
	OK

	FL
	See chairman’s note for agreement




1.1.4 Evaluation results with the APR errors
Submitted Proposals and observations:
· (Huawei, R1-2210903[1]) Observation 3: The ARP error deteriorates the carrier phase positioning accuracy even the double differential method (with PRU) is used.
· (Huawei, R1-2210903[1]) Observation 5: Multi-frequency carrier phase positioning method is robust to gNB ARP position errors and can achieve centimeter-level positioning accuracy.
· (vivo, R1-2211014[2]) Observation 12:
· With ARP error, the positioning performance of carrier phase positioning degrades significantly and was worse than TDOA only positioning.
·  With ARP error with T1=1cm, the accuracy is 0.20m @80% and 0.09@50%in InF- SH.
· With ARP error with T1=5cm, the accuracy is 0.28m @80% and 0.18@50%in InF- SH
· (CATT, R1-2211205[4]) Observation 3: It is feasible to reach the centimeter-level positioning accuracy by the use of carrier phase measurements under the impact of practical TRP ARP location errors. NR carrier phase positioning accuracies for the evaluated cases are much higher than DL-TDOA positioning under the same evaluation assumptions.
· For InF-SH scenario with 1cm ARP error:
· DD DL-TDOA (Case 10): 8.5cm @50%) and 12.1cm @80%).
· DD DL-CPP (single carrier frequency) (Cases 11): <1.0cm @50%) and 11.2cm @80%).
· DD DL-CPP (two subcarrier frequencies) (Case 12): <1.0cm @50%) and 1.79 cm @80%).
· DD DL-CPP (two carrier frequencies) (Case 13): <1.0cm @50%) and 1.3cm @80%).
· For InF-SH scenario with 5cm ARP error:
· DD DL-TDOA (Case 14): 8.8cm @50%) and 13.9cm @80%).
· DD DL-CPP (two carrier frequencies) (Case 15): 3.3cm @50%) and 5.6cm @80%).
· For InF-DH scenario with 1cm ARP error:
· DD DL-TDOA (Case 16): 9.1cm @50%) and 14.3cm @80%).
· DD DL-CPP (two carrier frequencies) (Case 17): 1.5cm @50%) and 3.3cm @80%).
· (CATT, R1-2211205[4]) Observation 4: The TRP ARP error degrades the carrier phase positioning accuracy even when the double differential technique is used. However, NR CPP with the use of the carrier phases of multi-(sub)carriers is robust to TRP ARP error. The impact of the TRP ARP error is reduced significantly when the carrier phase measurements of two carrier frequencies are used.
· ZTE, R1-2212520[10]) Observation 15: The maximum Δd is 0.1414m (2D) or 0.1732m (3D) for ARP error=5 cm.
· (ZTE, R1-2212520[10]) Observation 16: The corresponding ΔΦ is Δdmax /λ=((0.1414/0.0857) mod 1.0)*2 π=0.6511*2 π=4.091 Rad (for 2D) for single Φ@3.5GHz, or 0.0472*2 π=0.2966 Rad (for 2D) for dual Φ@100MHz bandwidth.
· (ZTE, R1-2212520[10]) Observation 17: A small ARP error has large impact on CPP under perfect Φ, especially, for a short wave length.
· (ZTE, R1-2212520[10]) Observation 18: A long virtual wave length is helpful for alleviating the impact from ARP error.
· (ZTE, R1-2212520[10]) Observation 19: A small ARP error has significant impact on CPP under practical Φ, especially, for a short wave length.
· ZTE, R1-2212520[10]) Observation 20: For single carrier phase solution, the positioning accuracy is worse than TDOA for Inf-SH under the condition that the integer ambiguity range configured to ±4 with 1 cm ARP error.
· (ZTE, R1-2212520[10]) Observation 21: For multiple sub-carriers phase solution within one PFL in Inf-SH under the condition that the integer ambiguity range configured to ±1, the performance in 50% is better than TDOA.
· <0.12m (50%) accuracy can be achieved with 1 or 2 cm ARP error.
· ≤0.153m (50%) accuracy can be achieved with 5 cm ARP error.
· (LGE, R1- 2211924[14]) Observation 14: CPM positioning accuracy without mitigation technique is significantly impacted by ARP error.
· (Samsung, R1-2212550[16]) Observation 17: With larger phase error and ARP error, the performance is degraded severely.
· (Qualcomm, R1-2212124[17]) observation 3: Some error sources, such as agreed ARP location error range in FR2, cause performance loss due to large residual carrier phase error after double difference cancellation.
· (Ericsson, R1-2212515[22]) Observation 13	A higher density deployment of PRUs used for double-differentiation gives better positioning performance.
· (Ericsson, R1-2212515[22]) Observation 14	The positioning errors increases with larger ARP errors.

(Closed)(Round 1) Proposal 2.3.4-1

Capture the following observation inTR 38.859:

The impact of the APR errors on NR carrier phase positioning is evaluated. 8 out of 8 sources ([Huawei, R1-2210903][vivo, R1-2211014][ CATT, R1-2211205][ ZTE, R1-2212520][ LGE, R1- 2211924][ Qualcomm, R1-2212124][ Ericsson, R1- R1-2212515]) show that the ARP errors may have significant impact on NR carrier phase positioning accuracy. The impact depends on many factors, e.g., the distance between the PRU and the target UE, whether the carrier phase of multiple carrier frequencies are used, and whether double differential carrier phase positioning is used. 3 out of 8 sources ([Huawei, R1-2210903][ CATT, R1-2211205][ZTE, R1-2212520]) show multi-frequency carrier phase positioning can be robust tothe impact of gNB ARP position errors on multi-frequency carrier phase positioning is much smaller .than the impact on single-frequency carrier phase positioning.
· Source [Huawei, R1-2210903] shows:
· When double differential is not used:
· For InF-SH scenario with 1cm ARP error:
· UL-CPP (Case 23): 1.3368m @50% and 2.121m @80%
· For InF-DH scenario with 1cm ARP error:
· UL-CPP (Case 24): 1.2329m @ 50% and 1.9317m @80%
· When double differential is used:
· For InF-SH scenario with 1cm ARP error:
· (PRU 5m) DD UL-CPP (Case 27): <1cm @ 50% and 0.57269m @80%
· (PRU 2m) DD UL-CPP (Case31): <1cm @ 50% and <1cm @80%
· For InF-DH scenario with 1cm ARP error:
· (PRU 5m) DD UL-CPP (Case 28): 0.75118m @ 50% and 1.3217m @80%
· (PRU 2m) DD UL-CPP (Case 32): 0.56419m@ 50% and 1.1915m @80%
· When multi-frequency carrier phase positioning is used:
· For InF-SH scenario with 1cm ARP error and random initial phase:
· (PRU 5m) DD UL-CPP (Case 47): 1.252cm @ 50% and 2.765cm @80%
· For InF-SH scenario with 5cm ARP error and random initial phase:
· (PRU 5m) DD UL-CPP (Case 48): 5.986cm @ 50% and 0.11879m @80%
· Source [vivo, R1-2211014] shows:
· For InF-SH scenario with 1cm ARP error:
· SD DL-CPP: 0.09m @50% and 0.20m @80%.
· For InF-SH scenario with 5cm ARP error:
· SD DL-CPP: 0.18m @50%and 0.28m @80%
· Source [CATT, R1-2211205] shows:
· For InF-SH scenario with 1cm ARP error:
· DD DL-TDOA (Case 10): 8.5cm @50%) and 12.1cm @80%.
· DD DL-CPP (Cases 11): <1.0cm @50% and 11.2cm @80%.
· DD DL-CPP (two subcarrier frequencies within one PFL) (Case 12): <1.0cm @50% and 1.79 cm @80%.
· DD DL-CPP (two carrier frequencies) (Case 13): <1.0cm @50% and 1.3cm @80%.
· For InF-SH scenario with 5cm ARP error:
· DD DL-TDOA (Case 14): 8.8cm @50% and 13.9cm @80%.
· DD DL-CPP (two carrier frequencies, two PFLs) (Case 15): 3.3cm @50% and 5.6cm @80%.
· For InF-DH scenario with 1cm ARP error:
· DD DL-TDOA (Case 16): 9.1cm @50% and 14.3cm @80%.
· DD DL-CPP (two carrier frequencies, two PFLs) (Case 17): 1.5cm @50% and 3.3cm @80%.
· Source [ZTE, R1-2212520] shows:
· For InF-SH scenario with 1cm ARP error:
· DL-CPP (single carrier, case 3-2-1): 0.24m@50% and 0.3544m@80%.
· DL-CPP (multiple subcarriers within one PFL, case 3-2-4): 0.12m @50% and 0.1725m@80%
· For InF-SH scenario with 5cm ARP error:
· DL-CPP (single carrier, case 3-2-3): 0.28m@50% and 0.3844m@80%
· DL-CPP (multiple subcarriers within one PFL, case 3-2-6): 0.15m@50% and 0.2130m@80%
· Source [LGE, R1- 2211924] shows:
· For InF-SH scenario with 1cm ARP error:
· DD DL-CPP: 0.188m (50%), 0.386m (80%)
· Source [Qualcomm, R1-2212124] shows:
· For InF-SH scenario with 1cm ARP error
· DD DL-CPP(Case 6, FR2): 3.487cm (50%) and 7.907cm (80%) (PRU-UE range R = 1m, more results with other values of R are available in Annex B.4-X-Qualcomm)
· DD DL-CPP(Case 14, FR1): 0.05m (50%) and 0.18m  (80%)
· Source [Ericsson, R1- R1-2212515] shows:
· For InF-SH scenario with 1cm ARP error (average PRU-UE distance = 1m)
· DD DL-CPP: 1.5cm (50%) and 3.0cm (80%)
· For InF-SH scenario with 5cm ARP error (average PRU-UE distance = 1m)
· DD DL-CPP: 10cm (50%) and 0.44m (80%)
· Note 1: Unless indicated otherwsie, the results shown above are for horizontaol positioning accuracy with a single carrier of bandwidth of 100MHz in FR1.
· Note 2. Evaluation results above are mainly used as examples. Additional results and more details of the evaluation assumptions may be provided by the sources in Annex B.4-X[Huawei, vivo, CATT, ZTE, LGE, Qualcomm, Ericsson].
· Note 3: The evaluation of multi-frequency carriers is based on the agreed assumption in Annex A.4 without requiring a UE to simultaneously measure more then one DL PFL.

	Company
	comments

	vivo
	We prefer to clarify the assumption of multi-frequency carriers first. E.g. whether the time offset, independent initial phase error, PCO are considered. In addition, we preferred to claim whether the multiple-frequency carriers only can remove the error due to ARP error. Otherwise, it is more like the ARP error can be removed by multiple-frequency carriers. In addition, based on case 703 in our evaluation, the improvement of multiple-frequency carriers only is limited.

FL: To address vivo’s concern, I added “•	Note 3: The evaluation of multi-frequency carriers is based on the agreed assumption in Annex A.4 without requiring a UE to simultaneously measure more then one DL PFL. Note 3: Unless indicated otherwsie, for the evaluation of the multi-frequency carriers, it is assumed  the agreed assumption is used without requiring the UE to simultaneously measure more then one DL PFL”.


	CATT
	Support.

	ZTE
	OK. We modified some values on our evaluation results above.

	LGE
	Generally fine but I am not sure “robust” is prefer expression because we see some results shows performance degradation even with multiple frequency based method is used. 
FL: “Robust” here is used here to mean the impact in ARP error on the positioning error is limited to the same range, but not enlarged.  

Maybe we can have the following changes:

“when multi-frequency carrier phase positioning is used, the impact of gNB ARP position errors on the positioning error in the same order of ARP positioning error, but not enlarged to be multiple times of ARP positioning error. In comparision, the impact of gNB ARP position errors on the positioning error can be multiple times larger than the ARP positioning errthe impact of gNB ARP position errors on multi-frequency carrier phase positioning is much smaller than the impact on single-frequency carrier phase positioningor.”


	FL
	See Chaiman’s note for agreemenet




1.1.5 Evaluation results with the UE/TRP PCO
Submitted Proposals and observations:
· (Huawei, R1-2210903[1]) Observation 4: Double differential carrier phase positioning technique can eliminate some influence of PCO.
· (vivo, R1-2211014[2]) Observation 13:
· With PCO error, the positioning performance of carrier phase positioning degrades. But the performance is still better than TDOA only positioning @50%.
· With PCO error 1(a=1, w=[-2, +2], dPhi= [0, 5]), the accuracy is 0.06m @80% and 0.0014@50%in InF- SH.
· With PCO error 2(a=3, w=[-5, +5], dPhi= [0, 5]), the accuracy is 0.06m @80% and 0.0023@50%in InF- SH.
· With PCO error 3(a=3, w=[-5, +5], dPhi= [0, 20]), the accuracy is 0.19m @80% and 0.046@50%in InF- SH.
· (CATT, R1-2211205[4]) Observation 6: The evaluation of results shows that UE/TRP antenna PCO degrades NR CPP positioning accuracy slightly when UE/TRP antenna PCO model of Example 1 is used (by comparing Cases 20/21 with Case 5 and comparing Cases 22/23 with Case 9). In this case, it is still feasible to reach the centimeter-level positioning accuracy by the use of carrier phase measurements.
· For InF-SH scenario:
· DD DL-CPP horizontal accuracy (Cases 20/21): < 1cm (@50%) and <1cm (@80%).
· For InF-DH scenario:
· DD DL-CPP horizontal accuracy (Cases 22/23): <=1.3cm (@50%) and <=2.8cm (@80%)
· (Qualcomm, R1-2212124[17]) observation 5: For the agreed PCV compensation modeling, the angle estimate from the initial coarse non-carrier-phase positioning technique is accurate enough to cause small impact to performance. However, the compensation requires angle estimates relative to the antenna panel orientation, whereas the initial position only yields angle estimates in GCS. Accurate GCS to LCS mapping, or accurate direct angle estimation in the LCS, is needed for accurate carrier phase positioning.
· (Ericsson, R1-2212515[22]) Observation 11	Assistance data to compensate for variations in antenna phase response at different AoA/AoD can have a very large specification impact with large signalling overhead.
· (Ericsson, R1-2212515[22]) Observation 12	Assistance data to compensate for variations in antenna phase response is only useful if AoA/AoD can be determined with sufficient accuracy.


(Closed)(Round 1) Proposal 2.3.5-1

Capture the following observation inTR 38.859:

The impact of the UE/TRP phase center offset (PCO) errors on NR carrier phase positioning is evaluated in the study item. 2 out of 4 sources ([Huawei, R1-2210903][vivo, R1-2211014]) when UE/TRP antenna PCO model of Example 2 is used, the impact of the PCO errors can be significant. 2 out of 4 sources ([CATT, R1-2211205][Qualcomm, R1-2212124]) shows when UE/TRP antenna PCO model of Example1 is used, the impact of the PCO errors can be negligiable.

· Source [Huawei, R1-2210903] shows: 
· For InF-SH scenario with a=3:
· SD DL-CPP (Case 37): 0.8469m @50% and 1.3922m @80%.
· DD DL-CPP (Case 41): < 1cm @50% and <1cm @80%.
· For InF-DH scenario with a=3:
· SD DL-CPP (Case 38): 0.9192m @50% and 1.4393m @80%.
· DD DL-CPP (Cases 42): 0.4896m @50% and 1.2148m @80%
· Source [vivo, R1-2211014] shows:
· For InF-SH scenario with SD DL-CPP:
· PCO model (a=1, w=[-2, +2], dPhi= [0, 5]):  <1cm  @50%  and 0.06m @80%
· PCO model (a=3, w=[-5, +5], dPhi= [0, 5]): <1cm  @50% and 0.06m @80%
· PCO model (a=3, w=[-5, +5], dPhi= [0, 20]): 0.046m @50% and 0.19m @80%
· Source [CATT, R1-2211205] shows:
· For InF-SH scenario:
· DD DL-CPP (Cases 20/21): < 1cm @50% and <1cm @80%.
· For InF-DH scenario:
· DD DL-CPP (Cases 22/23): <=1.3cm @50% and <=2.8cm @80%
· Source [Qualcomm, R1-2212124] shows:
· For InF-SH scenario:
· DD DL-CPP (Cases 4, FR2): 
· PCO model (a=0, w=5:  0.014cm  @50%  and 0.063cm @80%
· PCO model (a=1, w=5: 0.015cm  @50%  and 0.076cm @80%
· PCO model (a=3, w=5: 0.014cm @50% and 0.270cm @80%
· DD DL-CPP (Cases 12, FR2): 
· PCO model (a=1, X=5: 0.04m  @50%  and 0.08m @80%
· PCO model (a=3, X=5: 0.04m @50% and 0.08m @80%

· Note 1: Unless indicated otherwsie, the results shown above are for horizontaol positioning accuracy with a single carrier of bandwidth of 100MHz in FR1.
· Note 2. Evaluation results above are mainly used as examples. Additional results and more details of the evaluation assumptions may be provided by the sources in Annex B.4-X[Huawei, vivo, CATT, Qualcomm]

	Company
	comments

	CATT
	Support

	Samsung
	As these results seem to be somewhat contradictory from different companies, it would be good provide more clarification on why the results are different, e.g., different simulation assumptions, different scenarios, etc. This would help drawing conclusions.
FL: It has made clear that there are different PCO modelling assumptions.

	Samsung2
	Is is possible to explain the different modeling assumotions that lead to different results.
FL: The right place to explain the different modeling assumotions may be in the modelling section.




	FL
	See Chairman’s note for agreement

	
	





(Closed)(Round 1) Proposal 2.3.5-2

Adopt the following TP modification for TR 38.859

==== START of TP for TR 38.859 ====

[bookmark: _Toc117437927]Annex A.3: Evaluation Methodology for NR Carrier Phase Positioning

<Unrelated part omitted>

Table A.3-1: Assumptions for evaluation of NR carrier phase positioning
	Assumptions
	Value

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

	Frequency errors – Note 1
	Ideal
	Practical

	Initial residual CFO 
(is the same for one measurement instances [or multiple phase measurement instances])
	0 (UE/TRP)
	Uniform distribution within:
· [-30, +30] Hz (FR1, UE), [-100, +100] Hz (FR1, UE), 
· [-120, +120] Hz (FR2, UE), [-400, +400] Hz (FR2, UE),
· [-10, +10] Hz (for each TRP, FR1),
· [-40, +40] Hz (for each TRP, FR2).


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

	Antenna reference point (ARP) location error of a TRP
	No ARP error
	A zero-mean, truncated Gaussian distribution with zero mean and standard deviation of T=[1, 5] cm truncated to 2T in each of (x, y, z) direction

	Initial phase of a transmitter 
	Modelled as a random variable uniformly distributed within [0, 2pi]
· The initial phase of a transmitter applies to all subcarriers of the same carrier frequency associated with the transmitter The initial phases of a transmitter for different carriers can be assumed to be independent of each other.

	Initial phase of a receiver
	Modelled as a random variable uniformly distributed within [0, 2pi]
· The initial phase of a receiver applies to all subcarriers of the same carrier frequency associated with the receiver
· The initial phases of a receiver for different carriers can be assumed to be independent of each other.

	UE/TRP antenna phase center offset (PCO)
	dPCO =  a * dPhi + w
where	
· a is the scale factor, a=[0, 1, 3]
· FFS: other values
· dPhi is the direction difference (in degrees):
· Example 1, dPhi is the difference between the true and the calculated (or measured) directions between a transmitter (UE/TRP) and a receiver (TRP/UE).

· Example 2: dPhi is the direction difference between one UE to two TRPs, or between one TRP to two UEs.
· Note: Example 1 may be more suitable for modelling the PCO of a uncalibrated antenna; while Example 2 may be more suitable for modelling the residual PCO of a calibrated antenna (see [R1-2208206]).
· w is 0 or a random variable uniformly distributed within [-2, +2], or [-5, +5], or [-X, +X] degrees.
· FFS: value of X or is left up to companies
· Note: the above model is valid only when absolute value of dPhi < Y degrees
· FFS: value of Y or is left up to companies

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

	Note 1: The Doppler frequency can be determined based on the UE speed in the evaluation assumption.



==== END of TP for TR 38.859 ====

	FL
	See Chairman’s note for agreement



1.1.6 [bookmark: _Toc69027129][bookmark: _Toc111724378][bookmark: _Toc62397299][bookmark: _Toc54552966][bookmark: _Toc54553088][bookmark: _Hlk62117352][bookmark: _Toc48211472]Evaluation results with the multi-frequency carrier phase
Submitted Proposals and observations:
· (Huawei, R1-2210903[1]) Proposal 4: The double differential carrier phase and multi-frequency carrier phase should be considered for carrier phase positioning. 
· (Huawei, R1-2210903[1]) Observation 5: Multi-frequency carrier phase positioning method is robust to gNB ARP position errors and can achieve centimeter-level positioning accuracy.
· (vivo, R1-2211014[2]) Observation 16:
· With error modeling, the performance of carrier phase positioning with multiple carrier measurements also degrades significantly.
· (CATT, R1-2211205[4]) Observation 8: It is feasible to reach the centimeter-level positioning accuracy by the use of carrier phase measurements when all of the error sources are considered.
· InF-SH scenario:
· DD DL-CPP horizontal accuracy (Case 27/28): < 1cm @50% and <2cm @80%.
· InF-DH scenario:
· DD DL-CPP horizontal accuracy (Cases 29): 1.6cm @50% and 3.5cm @80%.
· (CATT, R1-2211205[4]) Observation 10: Multi-(sub)carriers NR carrier phase positioning is robust to TRP ARP error.
· (ZTE, R1-2212520[10]) Observation 8: For the case with [0~2pi] initial phase on both TRP and UE sides, with PRS assistant, the carrier phase method from multiple frequency sections in one PFL can improve performance compared with TDOA.
· Positioning accuracy of <0.12 m (50%) for Inf-SH can be reached under the condition that the integer ambiguity range N is limited to +1. 
· (ZTE, R1-2212520[10]) Observation 9: An appropriate scope of integer should be given for integer search for multiple sub-carriers evaluation.
· (ZTE, R1-2212520[10]) Observation 10: The CPP based on multiple PFLs can achieve a comparable positioning accuracy with classical TDOA at CDF=67%.If there exists time offset between PFLs, the CPP based on multiple PFLs is hard to achieve a comparable positioning accuracy with classical TDOA.
· (CATT, R1-2211205[4]) Observation 9: Double differential technique can effectively eliminate the impact of the TRP and UE clock offsets, the TRP and UE initial phase offsets, CFO and the oscillator-drift. 
· (CATT, R1-2211205[4]) Observation 10: Multi-(sub)carriers NR carrier phase positioning is robust to TRP ARP error.
· (Qualcomm, R1-2212124[17]) observation 6: Combining carrier phase measurements from multiple groups of subcarriers via ‘lane combination techniques’ as used in GNSS carrier phase can potentially improve performance, but is inferior to coherent processing of all the groups of to obtain a single more accurate carrier phase measurements, when such coherent processing is possible.
· (Ericsson, R1-2212515[22]) Proposal 2. We propose that the TR captures the result of Observation 4 that “Reporting the carrier phase of individual subcarriers does not add any information compared to reporting the center carrier phase and the estimate time-of-arrival of the reference signal.”
· (Ericsson, R1-2212515[22]) Observation 4	Reporting the carrier phase of individual subcarriers does not add any information compared to reporting the center carrier phase and the estimate time-of-arrival of the reference signal.
· Proposal 6: Support using multiple carriers to determine a phase of a virtual carrier with a lower virtual frequency.
· Observation 6: Using a combination of both long wavelength and short wavelength, we get a better carrier phase measurement result.
· Proposal 7: Support using carrier phase measurement of DL/UL PRS sub-carriers (e.g., by calculating the slope of the carrier phase measurement relative to frequency) to eliminate the integer ambiguity.
· Observation 8: The use of carrier phase measurement of DL/UL PRS sub-carriers to eliminate the impact of integer ambiguity has been studied and it improves the accuracy of carrier phase positioning.


FL Comments:

Multiple companies (e.g., [1][4][10]) have observed the benefits of using multiple  the following TP into TR 38.859 as an evaluation observation (for Section 6.3.2):
TBD

(Closed)(Round 1) Proposal 2.3.6-1
Capture the following TP into TR 38.859 as an evaluation observation (for Section 6.3.2):

The benefits of using the carrier phases of multiple carriers or multiple subcarriers are evaluated in the study item. The evaluation results from the sources (e.g., [Huawei/R1-2210903][CATT/R1-2211205][ZTE/R122115-3]) show that the use of the  carrier phases of multiple carriers or multiple subcarriers together with double differential technique are beneficial for improving the accuracy of double differential carrier phase positioning. In addition, evaluation results from the source [IIT Kanpur/R1-2212519] shows the use of multiple subcarrier technique is beneficial over single carrier. However, the evaluation from the sources [Qualcomm/R1-2212124][Ericsson/R1-2212515]) show there is nothat  benefit  combining carrier phase measurements from multiple groups of subcarriers via ‘lane combination techniques’ is inferior to coherent processing of all subcarriers to obtain a single more accurate carrier phase measurementswith the use of the carrier phases of multiple subcarriers for double differential carrier phase positioning. One source ([vivo /R1-2211014]) show there is no benefit with the use of the carrier phases of multiple carriers for carrier phase positioning when single differential carrier phase positioning is used. In addition, evaluation results from the source [Samsung/R1-2212250] show that the use of the  carrier phases of multiple subcarriers together with round trip carrier phase technique is beneficial for improving the accuracy of carrier phase positioning.

· Source [Huawei, R1-2210903] shows: 
· When single-frequency carrier phases are used:
· For InF-SH scenario with 5cm ARP error and random initial phase:
· (PRU 5m) DD UL-CPP (Case 45): 0.73594m @ 50% and 1.3812m @80%
· For InF-DH scenario with 5cm ARP error and random initial phase:
· (PRU 5m) DD UL-CPP (Case 46): 0.88533 @ 50% and 01.3841 @80%
· When multi-frequency carrier phases are used:
· For InF-SH scenario with 1cm ARP error and random initial phase:
· (PRU 5m) DD UL-CPP (Case 47): 1.252cm @ 50% and 2.765cm @80%
· For InF-SH scenario with 5cm ARP error and random initial phase:
· (PRU 5m) DD UL-CPP (Case 48): 5.986cm @ 50% and 0.11879m @80%
· Source [vivo/R1-2211014] shows:
· When multi-frequency carrier phases are used:
· For InF-SH scenario without other errors, 
· SD DL-CPP horizontal accuracy (Cases 703): < 1cm @50% and <1cm @80%. 
· For InF-SH scenario with ARP error
· SD DL-CPP horizontal accuracy (Cases 703): < 1cm @50% and 0.18m @80%
· For InF-SH scenario with initial phase error
· SD DL-CPP horizontal accuracy (Cases 704): < 0.18m @50% and 0.34m @80%
· For InF-SH scenario with PCO
· SD DL-CPP horizontal accuracy (Cases 705): < 0.18m @50% and 0.13m @80%
· Source [CATT, R1-2211205[4]) shows:
· For InF-SH scenario with other errors (ARP error, random initial phase, CFO/ Oscillator-drift)
· DD DL-CPP horizontal accuracy (Cases 27/28): < 1cm @50% and <=2cm @80%.
· For InF-DH scenario:
· DD DL-CPP horizontal accuracy (Cases 29): 1.6cm @50% and 3.5cm @80%
· Source [ZTE/R1-2212520]) shows
· When multiple subcarriers with in one PFL are used:
· For InF-SH scenario with other errors (initial phase on both TRP and UE sides)
· DL-CPP accuracy (Case 1-2-9, N is limited to +1): 0.12 m@50% and 0.160.25m @80% , which is still better than TDOA.
· Source [Qualcomm, R1-2212124) shows:
· For InF-SH scenario:
· DD DL-CPP horizontal accuracy (Case 8, FR2): 0.05526m @50% and 1.42119m @80%.
· Source [IIT Kanpur, R1-2212519[20]) shows:
· For InF-DH scenario:
· Distance accuracy (Case 3): 0.44cm @50% and 0.55cm @80%
· Source [Samsung, R1-2212550] shows:
· For InF-SH scenario (10MHz, @3GHz)
· With multiple sub-carriers and round-trip carrier phase: < 1cm @ 50% and <1 cm @ 80%
· Note 1: Unless indicated otherwsie, the results shown above are for horizontaol positioning accuracy with a single carrier of bandwidth of 100MHz in FR1.
· Note 2. Evaluation results above are mainly used as examples. Additional results and more details of the evaluation assumptions may be provided by the sources in Annex B.4-X[Huawei, vivo, CATT, ZTE, Qualcomm, IIT Kanpur].

	Company
	comments

	ZTE
	Would it be better to clarifies multi-frequency carrier refers to multiple carrier or multiple subcarriers with in a PFL? The positioning accuracy for 80% in our evaluation is revised in the above description.

	Samsung
	As this proposal talks about “benefits of using the carrier phases of multiple carriers or multiple subcarriers”, we think that it should also include the benefits of using multiple subcarriers with round-trip carrier phase. Therefore, we would like to add
In addition, evaluation results from the source [Samsung/R1-2212250] show that the use of the  carrier phases of multiple subcarriers together with round trip carrier phase technique is beneficial for improving the accuracy of carrier phase positioning.
We would also like to add:
· Source [Samsung, R1-2212550] shows:
· For InF-SH scenario (10MHz, @3GHz)
· With multiple sub-carriers and round-trip carrier phase: < 1cm @ 50% and <1 cm @ 80%


	Locaila
	In the FL’ summary,  there is a text “…However, the evaluation from the sources [Qualcomm/R1-2212124][Ericsson/R1-2212515]) show there is no benefit with the use of the carrier phases of multiple subcarriers for double differential carrier phase positioning."   …  
We have a different interpretation of the two company contributions.  We’d rather ask to modify the text as below.

multiple subcarriers -> multiple virtucal subcarriers  
FL: in GNSS, 'virtucal’ carrier phase is used to represent the carrier phase that is a combination of measured carrier phases. But, it is unclear to me what “virtucal carriers” means.
-------------------------------------------------------
A rather lengthy explanation is necessary for the reason of the change request. Please be patient to read to the end.

In the Qualcomm contribution , an equation for accuracy of the ‘Widelane’ method was proposed as below.

Based on the mathematical analysis, QC concluded that dividing the whole carrier band in multiple subbands to apply the virtual carrier method does not help improve precision. In other words, QC's argument should be applied first to the virtual carrier method (i.e Widelane variant). We think FL’ summary wrongly applied this argument to subcarrier method. 
FL: Please check Qualcomm’s contribution and their following observation and proposal. But, maybe Qualcomm can further explain their view.  
Observation 6: Combining carrier phase measurements from multiple groups of subcarriers via ‘lane combination techniques’ as used in GNSS carrier phase can potentially improve performance, but is inferior to coherent processing of all the groups of to obtain a single more accurate carrier phase measurements, when such coherent processing is possible.
Proposal 2: Do not support separate reporting of carrier phase measurements for different subgroups or subbands of the same component carrier or positioning frequency layer. 
In my understdning, the “subcarrier method” proposed by Locaila is just one type of Widelane’ combination, which uses the combination (e.g., substraction ) of the carrier phases from two subcarriers to get a new measurement with longer wavelength. The difference may be Locaila suggests to use the widelane combination multiple times, from longer wavelength to shorter wavelength.
For correct understanding on the subcarrier method, the subcarrier method is mainly used for finding the integer number of the carrier phase measurement, not for estimating the UE position.
In some sense, it may be seen similar to the virtual carrier method, however, there’s fundamental difference. 
The subcarrier method also combines multiple subcarriers to create various length of pseudo-subcarriers. If QC's formula is modified and applied to the subcarriers, it is as follows.

In above equation, fsc1 and fsc2 means subcarrier frequency. This corresponds to the subband frequency discussed in QC's contribution.  Similar to the widelane method, the subcarrier method uses a long subcarrier corresponding to the gab frequency of (i.e. ( fsc1 - fsc2) ) for the initial integrer number estimation step. 
Since the denominator term ( fsc1 - fsc2)  is relatively a small number, the initial UE estimation results using the long-subcarrier may be inaccurate. However it is sufficient for estimating the first integer number for the shorter-subcarriers. Our experimental results below also shows consistent result with the analysis using the modified QC formula.
[image: ] figure L1
The subcarrier method subsequently narrows the scope of the integer number search by gradually expanding the subcarrier gab, as the formula below.

In above, fscm denotes the frequency of mth subcarrier. The denominator term (fsc1-fscm) is larger than ( fsc1 - fsc2) . Therefore, the subcarrier wavelength is shorter, but the precision is improved. The actual experimental results are shown in the figure below, also shows consistent result with the analysis using the QC formula above.
[image: ]  figure L2
Finally, the refined UE coordinate is used to estimate the integer number of the carrier phase positioning. In other words, the subcarrier method is used as a means to find the integer number to be applied to the carrier phase step by step. It is true that a large number of phase reports are required in the process, however, we can achieve the accuracy corresponding to the single whole band carrier phase measurement, i.e. 

On the other hand, the virtual carrier method cannot apply such stepwise integer number estimation process. It requires initial estimation of UE position as precise as possible using a legacy method such as TDoA. However the evaluation result, according to QC contribution, may not be so improved.

As for another referred contribution of [Ericsson/R1-2212515], we have some different views.
In Ericssson contribution, it is argued that “… Instead of reporting the carrier phase measurements of individual subcarriers, it is sufficient to report the of center carrier phase,  and the estimated delay, .”  Ericsson considered that   , hence it is a linear function in frequency with slope .
However, note that the range of arctangent is limited to between -π ~ +π. Therefore, the correct equation should be ,         .
Thus the exact slope value is known only when the integer number N is found. In other words, there may be several slop lines passing through the center frequency point fc in the figure. Finding the true slop line is equivalent to finding the exact integer number. 
Note that in above equation, f is the carrier frequency of large value (>109). Even a small variation of t0 will cause more that 2π  rotation. We guess figure 1 of Ericsson's contribution is a very special case where the UE is located in the middle between TRPs. However in most other UE location, the slope will appear very steep. It will almost be unable to unwrap the slope and estimate the slope value.
Whereas in our approach, we apply a stepwise method of finding the N value. Therefore, it is necessary to report multiple subcarriers to repeat this step-by-step integer number estimation. This is an effective method for accuracy improvement.

I hope the above discussion will also be helpful to Huawei's argument on the slop method. In other words, the TDoA method and the phase-based measurement method have somewhat similar property,  but there are clear differences in precision and differences in approaches.


	FL
	See Chairman’s note for agreement.



1.1.7 Carrier phase estimation
Submitted observations/proposals:
· (vivo, R1-2211014[2]) Observation 1: 
· For the carrier phase measurement in the frequency domain with option B, the performance accuracy is 0.43 radian @90% in InF- SH.
· For the carrier phase measurement in the frequency domain with option B, the performance accuracy is 1.36 radian @90% in InF- DH.
· (vivo, R1-2211014[2]) Observation 2:
· For the carrier phase measurement in the time domain with option C, the performance accuracy is 1.47 radian @90% in InF- SH.
· For the carrier phase measurement in the time domain with option C, the performance accuracy is 4.41 radian @90% in InF- DH.
· (vivo, R1-2211014[2]) Observation 3:
· For the carrier phase measurement in the frequency domain of multipath mitigation CIR with option D, the performance accuracy is 0.23 radian @90% in InF- SH.
· For the carrier phase measurement in the frequency domain of multipath mitigation CIR with option D, the performance accuracy is 0.64 radian @90% in InF- DH.
· (vivo, R1-2211014[2]) Observation 4:
· For the carrier phase measurement, the performance of carrier phase measurement degrades significantly in the multiple path/NLoS scenario.
· (vivo, R1-2211014[2]) Observation 5:
· For the carrier phase measurement accuracy, the performance of carrier phase measurement in the frequency domain of multipath mitigation CIR with option D is the best compared to the carrier phase measurement in the frequency domain and time domain.
· (ZTE, R1-2212520[10]) Observation 1: Assuming receiver can get perfect phase between itself and the transmitter, very high positioning accuracy can be achieved, especially under a large searching range of integer values.
· (ZTE, R1-2212520[10]) Observation 2: For the cases with practical phase estimation, and without initial phase error models:
· For SH scenario, a proper integer ambiguity search range is needed to get best performance, and too small or too larger search range will cause performance loss.
· 1cm(50%) positioning accuracy can be achieved.
· For DH scenario which has no sufficient LOS links, there is no performance benefit observed compared with TDOA method
· (ZTE, R1-2212520[10]) Observation 3: For CPP method, phase estimation accuracy is very critical for high positioning accuracy.
· Compared with TDOA method, carrier phase based positioning is better if residual phase estimation error is no larger than 0.02*2pi.
· (Qualcomm, R1-2212124[17]) observation 7: The simulations assume the transmitter and receiver maintain phase coherence over the duration of the PRS transmission and reception, without any cycle-slips caused e.g. due to DRX/DTX, beam-switches, UL/DL switches. This may require new UE capabilities and can impact device power consumption.
· (IIT Kanpur, R1-2212519[20])Observation 4: For carrier phase based positioning, the use of multiple subcarrier technique is beneficial over single carrier based phase measurement as the multicarrier technique is robust against noise.
· (Ericsson, R1-2212515[22]) Observation 15	The carrier phase computed for all paths jointly can be significantly different compared to the phase of the LOS path in multipath environments.
· (Ericsson, R1-2212515[22]) (Ericsson, R1-2212515[22]) Observation 1	The carrier phase measurement can be obtained from the complex argument of the estimated channel impulse response at the delay of the LOS peak.

FL Comments:
Obviously, the positioning accuracy of the NR CPP depends largely on the estimation accuracy of the carrier phase. Although how to estimate the carrier phase is mainly implementation dependent, which may not have much impact on the specificagtion, and we may not have the time to discuss each approach and provide the details on the methods, it is useful to at least capture in the TR that multiple companies have spent a lot of effort on the study of the carrier phase estimation approach and to provide the references to the contribusions. 

(Closed) Proposal 2.3.7-1
Capture the following TP into TR 38.859 as an evaluation observation:

The carrier phases can be estimated from the existing DL PRS and UL SRS signals for positioning in either time-domain and frequency-domain approachesapparoaches. The performance of these methods have been analyized and/or  evaluated by multiple sources (e.g.,  [Huawei/R1-2210903][vivo/R1-2211014][CATT/R1-2211205][ZTE/R1-2212520][Qualcomm/R1-2212124][IIT Kanpur/R1-2212519][Ericsson/ R1-2212515][MediaTek/R1-2212193], [more sources can be added by the suggestions]). The evaluation results show that it is feasible to obtain the carrier phases accurately based on the existing DL PRS and UL SRS signals for positioning purpose under different channel conditions (e.g., InF-SH, InF-DH).

	Company
	comments

	Qualcomm
	Isn’t the intent of this TP already captured in Proposal 3.1-1?
FL: The original pourpose is to present that different approaches can be used to obtain the carrier phases can be estimated from the existing DL PRS and UL SRS signals for positioning, and provide the references to the approaches.

	CATT
	Okay. 

	ZTE
	Typos apparoaches ->approaches  analized ->analyzed 

	Samsung
	We would add to add the following:
The evaluation results from the source [Samsung/R1-2212550] shows that the accuracy of carrier phase positioning improves by about 3 times when contiguous sub-carriers are used compared to a sub-carrier Comb-4, for the same PRB allocation. The results further show that by having the same sub-carriers allocated in contiguous symbols for a sub-carrier Comb-4, the carrier phase positioning accuracy improves by about 35%.

	FL
	Suggest closing the discussion, since it was agreed 

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




1.1.8 Evaluation results with the round trip carrier phase positioning
Submitted Proposals:
· (Samsung, R1-2212550[16]) Capture the following two Observations in the TR 
· Observation 3: The effectiveness of using round trip carrier phase positioning to eliminate the impact of the initial phases of the transmitter and the receiver on NR carrier phase positioning are evaluated in the study item.
· Source [Samsung, NN] shows a positioning accuracy of <0.5cm 96% of the time @ 5m, a positioning accuracy of <0.5cm 85% of the time @ 20m, and a positioning accuracy of <0.5cm 72% of the time @ 50m for InF-SH can be reached with round trip carrier phase positioning.
· (Samsung, R1-2212550[16]) Observation 4: The use of round trip carrier phase positioning to eliminate the impact of initial phase and reference timing mismatches of the transmitter and receiver has been studied and it improves the accuracy of carrier phase positioning.
· (Samsung, R1-2212550[16]) Observation 6: Using a combination of both long wavelength and short wavelength, we get a better carrier phase measurement result.
· (Samsung, R1-2212550[16]) Observation 8: The use of carrier phase measurement of DL/UL PRS sub-carriers to eliminate the impact of integer ambiguity has been studied and it improves the accuracy of carrier phase positioning.
· (Samsung, R1-2212550[16]) Observation 13: Round-trip carrier phase derivative with respect to carrier frequency can provide centimetre level accuracy.
· 

FL Comments

RAN1 has discussed RTT round trip carrier phase positioning in previous meeting but has not reach an agreement, since companies have different views on the pproposed approach. In this meeting, the proponent provides further anlysis and evaluation results in [16]. FL would like to check the views of the interested companies to see if we can apture the evaluation related to round trip carrier phase positioning in TR.

(H)(Round 1) Proposal 2.3.8-1
Capture the following for TR 38.859 as observation (Section 6.3.2):

The use of round trip carrier phase positioning to eliminate the impact of initial phase and reference timing mismatches of the transmitter and receiver has been studied and it improves the accuracy of carrier phase positioning.
· Source [Samsung R1-221550] shows that a positioning accuracy of 1<cm (80%) for InF-SH can be reached with round-trip carrier phase.

	Company
	comments

	Qualcomm
	We have some concern about the assumptions regarding any relation or coherence of phase on the Rx and the Tx side, which may not always be feasible in the device implementation. Without such assumption, how is the scheme any different from concurrently operating both DL CPP and UL CPP? 

	ZTE
	Agree with Qualcomm. The SRS/PRS are transmitted/received in different slots, and the initial phase of Tx/Rx might also be different.  

	Samsung
	We would like to keep this observation in section 2.3.2 as that section already talks about evaluation results with initial phases.
Regarding the comment from Qualcomm, we are fine to add assuming phase coherency between Rx and Tx side. We think that this phase coherency is feasible when using a single oscillator for both the transmitter and receiver.

	Locaila
	To QC.
We understand QC’s view. However the effect for reporting multiple subcarriers should be seen in different perspective. Please see the discussion in 2.3.6.

	MTK
	To our understanding, if the TX and RX at UE, or at TRP share same oscillator for upconverting and downconverting, then the phase difference between TX and RX could be a fixed and known value

If so, the initial phase (normally we treat it as TRP TX phase – UE RX phase) could be cancelled during the uplink and downlink measurement combination

But it seems that even though the initial phase could be removed by the round trip cpp through DL and UL combinations, the group delay terms are instead added during the combination. And it may still rely on difference method to remove it.

 So we are wondering whether the group delay are modelled during the evaluation?

	Samsung2
	We thank MTK for their further question about group delay. We think that the group delay refers to the group delay through the power amplifers, LNAs and other RF components. We think that this value can be a fixed and known value that can be determined based on the UEs or gNBs implementation and hence can be compenstated.

	FL
	Given the concern of other companies and also the fact that  we don’t have the agreement on the study of round trip carrier phase positioning, it may be proper to mention that one company has studied the approach and shows the result.
The use of round trip carrier phase positioning to eliminate the impact of initial phase and reference timing mismatches of the transmitter and receiver has been studied and by it improves the accuracy of carrier phase positioning.
sSource [Samsung R1-221550], which shows that a positioning accuracy of 1<cm (80%) for InF-SH can be reached with round-trip carrier phase.




(H)(Round 2) Proposal 2.3.8-1
Capture the following for TR 38.859 as observation (Section 6.3.2):

The use of round trip carrier phase positioning to eliminate the impact of initial phase and reference timing mismatches of the transmitter and receiver has been studied by source [Samsung R1-221550], which shows that a positioning accuracy of 1<cm (80%) for InF-SH can be reached with round-trip carrier phase.

	Company
	comments

	FL
	Discussed in online session w/o agreement. Multiple companies made the comments on the conditions/assumptions for the evaluation results. 

	
	

	
	

	
	



FL Comments:

The proposal was revised based on the revision of the tdoc (Samsung R1-221550R1-2212859).

[bookmark: P1](H)(Round 3) Proposal 2.3.8-1
Adopt the following TP modification for TR 38.859 (Section 6.3.2):

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

	Company
	comments

	
	

	
	




(H)(Round 1) Proposal 2.3.8-2
Capture the following for TR 38.859 as observation (Section 6.3.2):

In addition, evaluation results from the source [Samsung/R1-2212250] show that the use of the  carrier phases of multiple subcarriers together with round trip carrier phase technique is beneficial for improving the accuracy of carrier phase positioning.
· Source [Samsung, R1-2212550] shows:
· For InF-SH scenario (10MHz, @3GHz)
· With multiple sub-carriers and round-trip carrier phase: < 1cm @ 50% and <1 cm @ 80%

	Company
	comments

	Qualcomm
	We do not support separate carrier phase measurements or reporting on different subcarriers/subcarrier-groups within a carrier or PFL. We have results showing that this is inferior to coherent processing of all the subcarriers

	ZTE
	This can be discussed after proposal 2.3.8-1.

	Samsung
	We would like to keep this observation in section 2.3.6 as that section already talks about evaluation results with multiple sub-carriers.

	MTK
	We have some concern on the combination coefficients for the measured phases by several subcarriers.  Can Samsung provide the coefficients? And these coefficients will enhance the noise or not? Even though the combined results could result in a phase associated to a lower frequency


	Samsung2
	Regarding the question from MTK, the measured phase across multiple sub-carriers has different values (due to variation of phase shift with frequency) – there is also the noise effect. As explain in our Tdoc, taking the slope of the best line that passes through the multiple phase measurements can be used to estimate the round-trip propagation time between the two devices (when phase measurements are performed on both devices and combined). Having more sub-carrier phase measurements allows for better mitigation of the effect of noise.

	FL
	Similar to Proposal 2.3.8-1, it is more prudent to say one source has studied the approach.

	
	




(H)(Round 2) Proposal 2.3.8-2
Capture the following for TR 38.859 as observation (Section 6.3.2):

The use of carrier phases of multiple subcarriers together with round trip carrier phase technique has been studied by source [Samsung R1-221550], which shows:
· For InF-SH scenario (10MHz, @3GHz)
· With multiple sub-carriers and round-trip carrier phase: < 1cm @ 50% and <1 cm @ 80%

	Company
	comments

	
	

	
	

	
	

	
	



1.1.9 Evaluation results with Phase-Difference-based AoD
Submitted Proposals:
· Qualcomm, R1-2212124[17]) observation 8: Phase-Difference-based AoD is a positioning method that demonstrates performance gains in scenarios with small number of Tx beams at the transmitter side (e.g. FDD scenarios)
· A performance of 1m at 80% in the InF-SH scenario, with 20 MHz, is achievable with Phase-Difference DL-AoD, whereas the legacy RSRPP-based DL-AoD, with 2 or 4 Tx beams achieve 5 and 2.2 m respectively 

FL Comments

RAN1 has discussed Phase-Difference-based AoD in previous meeting but could not reach an agreement to incoude it in the SI, since companies have different views on whether it should be in the SI scope.  In this meeting, the proponent provides further anlysis and evaluation results in [17]. FL would like to check the views of the interested companies to see if we can apture the evaluation related to Phase-Difference-based AoD in TR.

(Closed)(Round 1) Proposal 2.3.9-1
Capture the following for TR 38.859 as observation (Section 6.3.2):

The positioning accuracy of Phase-Difference-based AoD positioning has been studied.
· Source [Qualcomm R1-2212124] shows that a positioning accuracy of 1m (80%) for InF-SH with 20 MHz, is achievable, whereas the legacy RSRPP-based DL-AoD, with 2 or 4 Tx beams achieve 5 and 2.2 m respectively.

	Company
	comments

	Qualcomm
	Support

	FL
	See Chairman’s note for agreement




1.1.10 Experimental results of carrier phase positioning
FL Comments

In [5], the experimental results of carrier phase positioning are presented, where the TRPs are time synchronized using clock synchronization cable. Although the study of how to implement the TRP time synchronization is not in the scope of the SI, the experimental results of carrier phase positioning can be included the TR in FL’s view, since the study of the carrier phase positioning does not any limitation on which methods is used to implement TRP time synchronization. 

(Closed)(Round 1) Proposal 2.3.10-1
Capture the following for TR 38.859 as observation (Section 6.3.2):

The experimental results for the accuracy of NR carrier phase positoinig are provided by source [Locaila, R1-2211259[5]) for UMa, InF-SH, and InF-DH scenarios. The evaluation results shows the target accuracy of less than a centimeter is not achieved in the experimental environment. 

Additional details of the evaluation assumptions and results are available in Annex B.4-X[Locaila].

	Company
	comments

	Locaila
	The proposed experimental results are outcome with a large research budget and staffs over the years, and we expect this to be proof of the feasibility of the carrier phase positioning method. We therefore hope that this experimental results will contribute as an important means of determining the practicalibitiy in theoretical arguments.

	FL
	Discussed in online session. Multiple companies did not support the proposal, and no company supported the proposal during the online discussion. Thus, the FL Suggest closing the discussion due to the lack of the support.



Potential Specification Impact
Reference Signals for NR Carrier Phase Positioning
	Agreement
The existing DL PRS and UL SRS for positioning can be re-used as the reference signals to enable positioning based on NR carrier phase measurements for both UE-based and UE-assisted positioning. 
· FFS: Whether to consider enhancements of the existing DL PRS and UL SRS for better positioning performance



Submitted Proposals:
· (Huawei, R1-2210903[1]) Proposal 2: Enhancements of the existing DL PRS or UL SRS should not be considered in Rel-18.
· (vivo, R1-2211014[2]) Proposal 1:	It is concluded the enhancement for DL PRS or UL SRS for carrier phase positioning is not supported in Rel-18.
· (CATT, R1-2211205[4]) Proposal 7: Suggest including the following TP in the TR (for potential specification impact):
· Existing DL PRS and UL SRS for positioning can be re-used as the reference signals to enable positioning based on NR carrier phase measurements for both UE-based and UE-assisted positioning. In this way, there is no impact on the specification regarding to the reference signals for NR CPP in Rel-18.
· (Locaila, R1-2211259[5]) Proposal 6: Study new PRS design efficient for phase measurement and synchronization, in particular for highway environment. 
· (Locaila, R1-2211259[5]) Proposal 7: Study the benefit of continuous waveform PRS design. 
· (OPPO, R1-2211435[9]) Proposal 1: No enhancement to the existing DL PRS and SRS for positioning.
· (InterDigital, R1- 2211728[12]) Proposal 4: Support allocation of PRS for carrier phase measurement to same sub-carriers in symbols of the PRS slot.
· (Lenovo, R1-2211743[13]) 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, R1-2211743[13]) 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, R1-2211743[13]) Proposal 4: The range of values of the frequency offset  k_offset  and the number of contiguous symbols L_PRS for accurate carrier phase measurements needs to be further investigated for the potential new carrier phase RS.
· (Lenovo, R1-2211743[13]) Proposal 5: RAN1 to further study the support of narrower bandwidth configurations for carrier phase-based positioning.
· (Samsung, R1-2212550[16]) Proposal 1: Support the use of Rel-16 DL and UL positioning reference signals with no or small comb for the carrier phase positioning.
· (Samsung, R1-2212550[16]) Proposal 2: Consider 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
· (Samsung, R1-2212550[16]) Capture the following Observation in the TR: Observation 1: The allocation of positioning reference signals to sub-carriers with no comb or with a small comb, and without frequency hopping between adjacent symbols has been studied and it improves the accuracy of carrier phase positioning.

FL Comments:
In previous meeting, RAN1 has agreed that the existing DL PRS and UL SRS for positioning can be re-used as the reference signals to enable positioning based on NR carrier phase measurements for both UE-based and UE-assisted positioning. It is still FFS on “Whether to consider enhancements of the existing DL PRS and UL SRS for better positioning performance”.  In this meeting, some companies (e.g., [5][12][13][16]) suggest considering the enhancements of the DL PRS and UL SRS for positioning or new design. However, some other companies (e.g., [1][2][9]) propose no enhancement to the existing DL PRS and SRS for positioning. 

Given this is the final meeting of the study item and we may not have the time to further discuss the enhancement reference signals to enable positioning based on NR carrier phase measurement, as a compromised solution, the FL would suggest making a conclusion that the existing DL PRS and UL SRS for NR carrier phase measurements are recommended to be be re-used as the reference signals to enable positioning based on NR carrier phase measurements for both UE-based and UE-assisted positioning in Rel-18, but not specifically saying “no enhancement to the existing DL PRS and SRS for positioning”. 

(Closed)(Round 1) Offline Sonsensus
Capture the following TP into TR 38.859 as a conclusion (Section 6.3.3)

Regarding the reference signals for NR carrier phase positioning:
· Existing DL PRS and UL SRS for positioning purpose are recommended as the reference signals to enable positioning based on NR carrier phase measurements for both UE-based and UE-assisted positioning if NR CPP is introduced., there is no impact on the specification regarding the reference signals if existing DL PRS and UL SRS for positioning are used in RAN1 spec.
· Note: The use of SRS MIMO for NR carrier phase positioning is transperant for UE

	Company
	comments

	Qualcomm
	We agree there is no specification impact on the reference signal waveform by itself; however there may be potential impacts in terms of new assumptions about the phase coherence/continuity of their transmissions across multiple instances (e.g., across slots). 

	vivo
	Support

	CATT
	Support

	ZTE
	OK

	Xiaomi
	Support 

	Samsubg
	We would like to consider the following enhancements for DL/UL PRS for carrier-phase positioning:
· Support Comb-1
· Support allocating same sub-carrier across symbols
We have simulation results that show the benefit. We think that these enhancement don’t add additional complexity to the DL/UL PRS design, but can improve performance. These aspects can be further discussed during the WI phase.
FL: Yes. It would be better to consider further enhancement. However, it seems multiple companies may not be ready to agree for that. For the progress, my suggestion is to focus on the current proposal.

	FL
	See Chairman’s note for agreement.





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. 

Agreement (RAN1#110bis-e)
For UE-assisted NR carrier phase positioning, at least consider the following options 
· the difference between the carrier phase measured from the DL PRS signal(s) of the target TRP and the carrier phase measured from the DL PRS signal(s) of the reference TRP.
· the carrier phase measured from the DL PRS signal(s) of a TRP

Agreement (RAN1#110bis-e)
For UL UE-assisted NR carrier phase positioning, at least consider the carrier phase measured from the UL SRS for positioning purpose.
· Note: The use of MIMO SRS for positioning purpose is transparent to UE.

Agreement (RAN1#110bis-e)
Further study the benefits of using the carrier phase measurements of multiple DL positioning frequency layers for NR carrier phase positioning, which may include the impact of the time gap between the carrier phase measurements of multiple DL PFLs.
· Note 1: The initial phase error and the frequency error for each PFLs can be modelled independently
· Note 2: For the evaluation, the PRS signals of all PFLs of a TRP can be assumed to be transmitted from the same ARP or from different ARPs of the TRP.
· Note 3: The location error for ARPs can be modelled independently.
· Note 4: The timing errors of the PFLs may not be the same for PFLs in different bands or frequency ranges.
· Note 5: In Rel-17, simultaneous reception of DL PRS from multiple frequency layers is not supported

Agreement
Further study the following approaches for NR carrier phase positioning, and identify the potential impact on the standard.
· the reporting of the carrier phase measurements together with the existing positioning measurements.
· the reporting of the carrier phase-based measurements alone without reporting the existing positioning measurements.




Submitted Proposals and observations:
· (Huawei, R1-2210903[1]) Proposal 6: For DL UE-assisted NR carrier phase positioning, phase difference between the target TRP and reference TRP can be reported by UE.
· (Huawei, R1-2210903[1]) Proposal 7: For UL NR carrier phase positioning, first path phase can be reported by TRP.
· (Huawei, R1-2210903[1]) Proposal 5: Reporting of phase measurements with existing measurements should be supported.
· (Huawei, R1-2210903[1]) Proposal 8: For UL carrier phase positioning method, the TRP can report carrier phase measurements on multiple frequencies or distance information computed from multi-frequency carrier phase measurements, where the multiple frequencies can be the frequencies of different carriers or the subcarriers within the same carrier.
· (Huawei, R1-2210903[1]) Proposal 9: For DL LMF-based carrier phase positioning method, the UE can report carrier phase measurements on multiple frequencies or distance information computed from multi-frequency carrier phase measurements, where the multiple frequencies can be the frequencies of different carriers or the subcarriers within the same carrier. 
· (vivo, R1-2211014[2]) Proposal 2: The carrier phase measurement is the phase of a fractional part of the propagation time.
· (vivo, R1-2211014[2]) Proposal 3:	For UE-assisted NR carrier phase positioning, the following measurement is supported.
· The difference between the carrier phase measured from the DL PRS signal(s) of the target TRP and the carrier phase measured from the DL PRS signal(s) of the reference TRP
· (BUPT, R1-2211100[3]) Observation 1: 5G signal can realize high bandwidth transmission, so two discontinuous time-frequency resources in frequency domain can be selected from the 100 megabyte bandwidth for the broadcast of positioning signal to achieve dual frequency carrier phase differential positioning and obtain higher positioning accuracy.
· (BUPT, R1-2211100[3]) Proposal 1: Selecting two non overlapping continuous subcarriers in the frequency domain for positioning resource allocation can realize carrier phase dual frequency broadcasting. 
· (BUPT, R1-2211100[3])Observation 3：When the carrier phase is linearly combined, the integer ambiguity can be easily calculated with long wavelength, and the measurement error can be reduced with short wavelength.
· (BUPT, R1-2211100[3])Proposal 3：After the carrier phase is processed with double frequency and double difference, the method of wide lane and narrow lane combination is used to solve the integer ambiguity and obtain more accurate positioning results.
· (CATT, R1-2211205[4]) Observation 1: Carrier phase measurements from multiple carrier frequencies are very helpful for fast resolution of the integer ambiguity (Note: This is especially important for NR, where obtaining the CPP solution by using a single short carrier phase measurement is highly desirable due to the positioning signals are transmitted periodically. In comparison, GNSS signals are transmitted continuously).
· (CATT, R1-2211205[4]) Proposal 1: Support UE/TRP to report the carrier phase measurements corresponding to multiple carrier frequencies of different carriers, or multiple subcarrier frequencies of the same or different carriers, for NR carrier phase positioning.
· (CATT, R1-2211205[4]) Proposal 8: Suggest including the following TP in the TR (Section 6.3.3) specification impact):
· New DL and UL measurements need to be introduced for supporting NR CPP, which at least include the following:
· For DL carrier phase positioning, the following candidate measurements are recommended to be considered in Rel-18 (down-selection is needed during the normative work):
· the difference between the carrier phase measured from the DL PRS signal(s) of the target TRP and the carrier phase measured from the DL PRS signal(s) of the reference TRP;
· the carrier phase measured from the DL PRS signal(s) of a TRP.
· For UL carrier phase positioning, the carrier phases measured from the UL SRS for positioning purpose are recommended to be introduced in Rel-18 as the UL carrier phase measurements.
· Reporting of NR DL/UL carrier phase measurements of multiple carrier frequencies (e.g., multiple PFLs and/or multiple subcarriers with the bandwidth of one PFL) are recommended for NR CPP.
· (CATT, R1-2211205[4]) Proposal 11: Suggest including the following TP in the TR (for potential specification impact):
· NR carrier phase positioning can be developed based on the enhancement of the existing physical layer procedures for the reporting of the new physical layer measurements for NR carrier phase positioning.
· (Nokia, R1-2211312[6]) Observation 3: The target UE and reference UE should measure CP measurement at the almost same time for specific TRPs so that the CP meausrment contains the same Tx phase offset of the TRPs.
· (Nokia, R1-2211312[6]) Proposal 5: RAN1 to support measurements for CP positioning for both DL-based positioning and UL-based positioning. An UL carrier phase measurement based on the SRS for positioning should be introduced. Two DL carrier phase measurements, one based on a single differential phase (similar to RSTD in timing techniques) and one non-differential phase should be introduced. 
· (Nokia, R1-2211312[6]) observation 5: The virtual wavelength method may provide the reduced search space of integer ambiguity variables
· (Nokia, R1-2211312[6]) Proposal 7: RAN1 to study physical layer procedure to support virtual wavelength method to address interger ambiguity problem. 
· (Xiaomi, R1-2211370[7])Proposal 1: Support positioning report to contain the carrier phase and the corresponding carrier frequency for multiple carrier frequencies.
· (Xiaomi, R1-2211370[7])Proposal 2: To report the relative carrier phase measurement between RSs from different TRPs.
· (Xiaomi, R1-2211370[7])Proposal 4: Report the phase error group for phase error mitigation. 
· (Xiaomi, R1-2211370[7])Proposal 5: Study to report the Doppler parameters combined with the carrier phase value, or to report the adjusted carrier phase value based on Doppler parameters.
· (Intel, R1-2211406[8]) Proposal 2:	In addition to option of reporting carrier phase measurements, RSTD measurements 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), should be considered.
· The granularity of the reported measurements and their filtering/averaging across subcarriers can be addressed during the normative phase.
· (Intel, R1-2211406[8]) Proposal 6:	In addition to option of reporting carrier phase measurements, RTOA measurements based on the carrier phase estimates of the UL SRS signal at the kth subcarrier frequency, normalized by the carrier frequency (ωc + ωk), should be considered.
· The granularity of the reported measurements and their filtering/averaging across subcarriers can be addressed during the normative phase.
· (OPPO, R1-2211435[9]) Proposal 5: The TRP measures and reports carrier phase of multiple REs in SRS for positioning 
· (OPPO, R1-2211435[9]) Proposal 6: The TRP reports the carrier phase measurement together with existing positioning measurement.
· (ZTE, R1-2212520[10]) Proposal 1: The range of integer N should be configured/reported to UE/LMF/TRP for carrier phase based positioning.
· (ZTE, R1-2212520[10]) Proposal 2: Phase or phase difference report should be supported together with existing TDOA method.
· (ZTE, R1-2212520[10]) Proposal 3: Phase Error Group(PEG) should be defined for CP measurement, where phase measurement errors in a PEG is within a margin value .
· (ZTE, R1-2212520[10]) Proposal 4: Support UE/TRP report phase measurement quality or confidence.
· (ZTE, R1-2212520[10]) Proposal 5: The number of carrier phases to be reported could be determined based on the positioning accuracy and measurement overhead requirements.
· (ZTE, R1-2212520[10]) Proposal 6: For multiple segments CPP, center frequency or λ should be informed for each segment.
· (InterDigital, R1- 2211728[12]) Proposal 1: For DL-based positioning, support both reporting of the carrier phase measurements together with the existing positioning measurements (e.g., RSTD,  RSRP) and reporting of the carrier phase-based measurements alone.
· (InterDigital, R1- 2211728[12]) Proposal 2: Support using the same reference TRP for joint carrier phase and DL-RSTD measurement reporting.
· (InterDigital, R1- 2211728[12]) Proposal 3:  Study assistance information that allows the UE or network to mitigate unknown phase offset in phase measurements, e.g., phase error group.
· (InterDigital, R1- 2211728[12]) Proposal 5: Support the UE to determine the subcarrier(s) to measure and report the carrier phase.
· (InterDigital, R1- 2211728[12]) Proposal 7: Support the UE to select and report the reference TRP for phase difference measurements.
· (LGE, R1- 2211924[14]) Proposal 1: Consider both carrier phase measurement and subcarrier phase measurement based positioning methods.
· (LGE, R1- 2211924[14]) Proposal 2: Consider RSPD report for the carrier phase measurement.
· (Samsung, R1-2212550[16]) Proposal 6: Support using multiple carriers to determine a phase of a virtual carrier with a lower virtual frequency.
· (Samsung, R1-2212550[16]) Observation 6: Using a combination of both long wavelength and short wavelength, we get a better carrier phase measurement result.
· (Qualcomm, R1-2212124[17]) Proposal 1: Support using the carrier phase measurements of multiple DL positioning frequency layers for NR carrier phase positioning.
· (Qualcomm, R1-2212124[17]) Proposal 2: Do not support separate reporting of carrier phase measurements for different subgroups or subbands of the same component carrier or positioning frequency layer.
· (Qualcomm, R1-2212124[17]) Proposal 3: Capture in the TR, the results tabulated in Section 5 and the observations and Proposals summarized in Section 4 of this contribution.
· (MediaTek, R1-2212193[18]) Proposal 3-1: Consider to define finer reporting granularity for the timing based measurement as an alternative, just in case that the carrier phase measurement may not meet the stringent condition
· (NEC, R1- 2212359[19]) Observation 1: Integer cycle of phase with different carrier frequency represents different linear propagation distance.
· (NEC, R1- 2212359[19]) Proposal 1: How to quantitate the received carrier phase (also accompany with integer part) in the specification and report it from UE side should be further studied.
· (Fraunhofer, R1- 2212380[20]) 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.
· (IIT Kanpur, R1-2212519[20])Proposal 1: Carrier phase difference measurement at the subcarrier level and the difference between the carrier phase of multiple subcarriers should be reported for carrier-phase positioning.
· (IIT Kanpur, R1-2212519[20])Proposal 2: For carrier phase-based positioning in Rel 18, carrier phase measured across Rx and Tx antennas of TRP and UE should be reported.
· (Ericsson, R1-2212515[22]) Observation 8	Either the absolute carrier phase can be reported, or the relative phase difference with respect to some reference node. The options are equivalent.
· (Ericsson, R1-2212515[22]) Observation 9	The existing positioning measurement reports often has a structure where the measurement is defined for a specific path. It will be natural to extend this structure to include the carrier phase of specific path.


FL Comments
In previous meeting, we have reached the agreement for reporting the DL/UL carrier phase measurements of a carrier. In order to resolve the integer ambiguity, it is helpful to support reporting the DL/UL carrier phase measurements from multiple carrier frequencies. From the proposals submitted to this meeting, it seems most companies support reporting the DL/UL carrier phase measurements of multiple frequency layers. Many companies also support reporting the DL/UL carrier phase measurements of multiple subcarriers in one frequency layer ((e.g., [1][3][4][9][10][12][16][20]). However, some companies (e.g., [17][22]) consider no benefits to so based on their evaluation results. In FL’s understanding, there is a need to have further discussion since whether can be seen depends on many factors. Thus, the suggestion from the FL is to have a further discussion during the WI phase.
 
(Closed)(Round 1) Proposal 3.2-1
Capture the following TP into TR 38.859 as a conclusion.

Regarding the physical layer measurements for NR carrier phase positioning:
· New measurements are recommended to be introduced for supporting UE-based and UE-assisted NR carrier phase positioning, which include, at least, the following:
· For at least DL carrier phase positioning, the following candidate measurements are identified (a down-selection may be needed during normative work.
· the difference between the carrier phase measured from the DL PRS signal(s) of the target TRP and the carrier phase measured from the DL PRS signal(s) of the reference TRP;
· the carrier phase measured from the DL PRS signal(s) of a TRP.
· For at least UL carrier phase positioning, the carrier phases measured from the UL SRS for positioning purpose is identified as the UL carrier phase measurements.
· Note: The definitions of DL/UL carrier phase measurements will be specified during normative work.
· Note: This proposal does not exclude the use of the carrier phase measurements with legacy measurement for carrier phase positioning.

	Company
	comments

	Qualcomm
	Clarify that for the UE-based case, target UE does not report any measurements

	vivo
	OK

	CATT
	Okay

	ZTE
	OK

	Xiaomi
	Ok 

	Samsung
	We don’t think down selection is needed for DL carrier phase positioning

	
	




(H)(Round 1) Proposal 3.2-2
Capture the following TP into TR 38.859 as a conclusion:

· Reporting of NR DL carrier phase measurements of multiple DL positioning frequency layers is recommended to be supported for NR carrier phase positioning.
· Note: Whether to support NR DL carrier phase measurements of multiple subcarriers can be further discussed during normative work.

	Company
	comments

	Qualcomm
	We do not support the ‘multiple subcarriers’ case, and would like to remove the note in the sub-bullet

	vivo
	We can accept the proposal with a note as follows
Note: Reporting of NR DL carrier phase measurements of multiple DL positioning frequency layers doesn't mean the supportive of measuring multiple DL positioning frequency layers at the same time.

	CATT
	Support. For the note, we understanding different companies may have different views. Our evaluation results show clearly the benefits. It also does not have any significant impact on the implementation to provide one or two more carrier phase measurements within a PFL. Consider that there are different views on the issue, we are fine to have further discussion.

	ZTE
	We prefer to support the sub-bullet concerning the carrier phase measurements of multiple subcarriers instead of the main bullet towards the multiple carriers. Our simulation shows that the carrier phase positioning with multiple subcarriers within one PFL can achieve better performance gain. The positioning signals in the same PFL has stronger channel correlation, some of the error source can be mitigated. Compared to multiple carriers, multiple subcarriers can improve the positioning accuracy. And also the use of (longer) virtual wavelength is beneficial to determine the integer ambiguity. 

FL: Actually, I should the similar view with ZTE that iit is important to consider the case of NR DL carrier phase measurements of multiple subcarriers.

	Xiaomi
	Support 

	Samsung
	Support reporting carrier phase measurements based on multiple sub-carriers.

	NTT DOCOMO
	Support. We slightly prefer to keep the note.

	MTK
	If the multiple frequency layers is the intra-band contiguous CA case, still need to report multiple phases? 
It will be similar to a single carrier case by using a larger size of IFFT

If the multuiple frequency layers are interband CA case, it seems that RAN4 doesn't support this case. Also nor for intraband non-contiguous CA case

FL I haven’t seen any company proposes to deal woth intra-band contiguous CA case. For Rel-18, it might be simpler not consider the intra-band contiguous CA case, but consider each nad separately? 


	LGE
	Fine with the proposal. 




(H)(Round 2) Proposal 3.2-2
Capture the following TP into TR 38.859 as a conclusion:

· If NR CPP is introduced, 
· Reporting of NR DL carrier phase measurements of multiple DL positioning frequency layers is recommended to be supported for NR carrier phase positioning.
· Reporting of NR DL carrier phase measurements of multiple subcarrier frequencies within one positioning frequency layer is also recommended to be supported for NR carrier phase positioning.

	Company
	comments

	FL
	Discussed online. The views are diverged. Need further discussion.

	MTK
	We have a question for NOT to support the measurements on  multiple subcarriers. If widelane combination is applied and it may enhance the noise due to the combination coefficients so that the performance is degraded, it should also happen to the case of multiple frequency layers.since the combination coefficients for multiple layers will also enhance the noise

FL: I share the similar view that reporting measurements of multiple subcarriers should be beneficial. 
Maybe, we could further agree to study how to reduce integer search effort in WI

FL: Yes. We can further discuss in WI if we cannot resolve the issue in the SI.

	
	

	
	




[bookmark: P2](H)(Round 3) Proposal 3.2-2
Capture the following TP into TR 38.859 as a conclusion:

· The following options are recommended to be further considered during the normative work:
· Reporting of NR DL carrier phase measurements of multiple DL positioning frequency layers.
· Reporting of NR DL carrier phase measurements of multiple subcarrier frequencies within one positioning frequency layer.

	Company
	comments

	
	

	
	

	
	

	
	




(Closed)(Round 1) Proposal 3.2-3

Capture the following TP into TR 38.859 as a conclusion:

· Additional reporting information, which may also be needed for improving NR CPP performance, such as the information related to multipath mitigation, integer ambiguity resolution, can be considered if necessary.


	Company
	comments

	Qualcomm
	Ok

	vivo
	The information is unclear to us. And we have separate agreements for multipath mitigation and integer ambiguity, so, we are not sure the proposal is needed

	CATT
	Sonsider we have separate proposals for multipath mitigation and integer ambiguity, we share the similar view as vivo that we may not need the proposal.

	ZTE
	OK

	Samsung
	Please clarify additional information for integer ambiguity resolution

	FL 
	Based on the feedback, it seems the contetnt of this proposals can be covered by other proposals. Thus, suggest closing the discussion of this proposal.

	
	




(Closed)(Round 1) Proposal 3.2-4

Capture the following TP into TR 38.859 as a conclusion (Section 6.3.3)

· The physical layer procedure for supporting the new physical layer measurements for NR carrier phase positioning can be developed based on the enhancement of the existing physical layer procedures.

	Company
	comments

	Qualcomm
	OK

	CATT
	OK

	ZTE
	OK

	FL
	Based on the comment online, we may not necessarily to have a general proposal related to the enhancements of physical layer procedure. Thus, suggest closing the discussion of this proposal.

	
	

	
	

	
	




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

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

Agreement (RAN1#110bis-e)
Further study the effectiveness of the following multipath mitigation methods for the carrier phase positioning and the potential on the standard work:
· Identify and separate the first path and other paths.
· Reporting of the carrier phase of the first path, and optionally, the additional paths.
· The use of LOS/NLOS indication for the carrier phase measurements.
· Note: Rel-17 LOS/NLOS indicator can be considered as a starting point.
· The report of other channel information, such as RSRP/RSRPP.






Submitted Proposals:
· (Huawei, R1-2210903[1]) Proposal 10: For carrier phase positioning, the TRP/UE can report the carrier phases of the first path and the additional paths. 
· (vivo, R1-2211014[2]) Proposal 4:	If carrier phase positioning is not a standalone positioning method, the carrier phase measurement can share existing LoS indication with existing positioning methods.
· vivo, R1-2211014[2]) Proposal 5:	For multipath mitigation, the carrier phase measurement in the frequency domain with multipath mitigation (option D)can be adopted.
· (Nokia, R1-2211312[6]) Proposal 6: RAN1 to support methods for identifying independent taps and/or methods to aid a positioning receiver to determine and report measurements of independent channel taps that correspond to different wireless propagation paths.
· (Xiaomi, R1-2211370[7])Proposal 6: Support the carrier phase for first path and additional path, and to report the likelihood of LoS path by LoS/NLoS indicator for each path carrier phase.
· (Intel, R1-2211406[8]) Observation 1: Usage of NLOS links for the carrier phase measurements may lead to positioning error due to an extra time delay associated with the propagation through the reflected path as well as the additional phase shift caused by the reflection from the obstacle.
· (Intel, R1-2211406[8]) Proposal 1: For carrier phase measurements, LOS/NLOS links classification via use of Rel-17 LOS/NLOS indicator reporting is considered as the baseline solution for multipath mitigation.
· (CMCC, R1-2211687[11]) Observation 1: The carrier phase measurement can be obtained in frequency domain or time domain of the base band signal. 
· (CMCC, R1-2211687[11]) Observation 2: By estimating the first path, the carrier phase measurement in time domain can help suppress the impact of multipath.
· (InterDigital, R1- 2211728[12]) Proposal 11: Study the condition under which carrier phase should be measured and reported based on e.g., 
· LOS/NLOS value
· RSRP
· (Samsung, R1-2212550[16]) Observation 9: NLOS conditions and multi-path reflections impact the accuracy and usability of the carrier-phase method. 
· (Samsung, R1-2212550[16]) Proposal 9: Study the condition for applying CPP method based on the NLOS and multi-path including first path detection.
· (Samsung, R1-2212550[16]) Proposal 10: To identify and separate the first path and other paths, study the utilization of amplitude/RSRPP gap threshold between first path and other paths to decide whether CPP could be applied or not.
· (Samsung, R1-2212550[16]) Observation 14: The phase estimation in frequency domain is seriously degraded by multi path effect.
· (Samsung, R1-2212550[16]) Observation 15: Multi-path mitigation method could provide better phase estimation when LoS path probability is low.
· (Samsung, R1-2212550[16]) Observation 16: The utilization of amplitude/RSRPP gap threshold between first path and other paths to eliminate the improper link could provide better phase estimation outcome.
· (MediaTek, R1-2212193[18]) Proposal 4-1: When a single IFFT could be applied for reception, the linear phase combination may not be needed. The intra-band contiguous CA scenario also allows single IFFT operation
· (MediaTek, R1-2212193[18]) Proposal 5-1: The carrier phase measurement may not need to be restricted to the measurement performed in time domain after IFFT, as long as the UE algorithm could measure the phase of a certain subcarrier with good quality
· (Fraunhofer, R1- 2212380[20]) 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- 2212380[20]) 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- 2212380[20]) 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.
· (Fraunhofer, R1- 2212380[20]) Proposal 6: 	In case of carrier aggregation using several bandwidth limited signals multipath effects causing phase ripple per BWP shall be taken into account for the evaluation of the performance of carrier phase measurements.
· (IIT Kanpur, R1-2212519[20])Proposal 3: For carrier phase-based positioning, reporting of LOS-NLOS indication along with carrier phase measurement should be supported. Rel 17 frameworks can be reused in this case. 
· (IIT Kanpur, R1-2212519[20])Observation 1: To achieve the desired accuracy in carrier phase based positioning, multipath mitigation techniques are necessary. 
· (IIT Kanpur, R1-2212519[20])Observation 2: With multipath mitigation, positioning accuracy in carrier phase based positioning can meet the requirement of 2 cm for 50% UEs.
· (Ericsson, R1-2212515[22]) Observation 10	To measure the carrier phase of the first path (potentially the LOS path) one typically needs to estimate the TOA anyway, so the RSTD has already been computed.
· (Ericsson, R1-2212515[22]) Proposal 5	. Any definition of carrier phase measurements should consider the aspect of multipath propagation.  i) One option is to assume that the measurement is for the first path. ii) Another option is to define carrier phase measurements for additional paths.

FL Comments
The performance of the carrier phase positioning is expected to be impacted by multiple factors as other positioning methods. In RAN1#109e, it was agreed to evaluate the impact of multipath for the carrier phase positioning, and study the methods of mitigating the impact of multipath for the carrier phase positioning.
Based on the contributions submitted in this meeting, many companies have studied the multipath mitigation for NR carrier phase positioning. Different approaches were also proposed for multipath mitigation, e.g., identify/separate the first path from the other paths, using LOS/NLOS indication, as well as reporting additional channel information. The suggestion from the FLs is to include the further discuss of these solutions during the Wis.

(Closed)(Round 1) Proposal 3.3-1
Capture the following TP into TR 38.859 as a conclusion:

· Multipath mitigation methods for the carrier phase positioning are recommended to be introduced during normative work. The candidate solutions may include, but are not limited to, the following:
· Reporting of the carrier phase of the first path, and optionally, the additional paths.
· The use of LOS/NLOS indication for the carrier phase measurements.
· Note: Rel-17 LOS/NLOS indicator can be considered as a starting point.
· Reporting of other channel information together with carrier phase measurements, such as existing RSRP/RSRPP.

	Company
	comments

	Qualcomm
	Can we clarify that not all these candidates may be necessary? In our view the only one that is clearly necessary is the reporting of the carrier phase of the first path (this is analogous to reporting the timing of the first path for the Rel16/17 timing-based methods, and thus clearly necessary).  Also for DL this reporting has two options as identified in Proposal 3.2-1

	vivo
	we share the same view with Qualcomm

	CATT
	We are okay to list them.  

	ZTE
	We think the first sub-bullet concerning the additional paths is not necessary. In real positioning process, it’s usually hard to identify the real transmission distance of the additional paths. And also there’s no evaluation results show that the carrier phase of the additional paths is beneficial.

	FL
	See Chairman’s note for agreement.

	
	




[bookmark: _Toc111724344]Differential carrier phase positioning with PRU

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




Submitted Proposals:
· (Huawei, R1-2210903[1]) Proposal 12: Necessary mechanism to support UE-based carrier phase positioning without the location of TRP can be further investigated in RAN1 during the WI phase.
· (BUPT, R1-2211100[3])Observation 2：In the process of using carrier phase to locate, the clock difference between the base station and the receiver will seriously affect the location performance.
· (BUPT, R1-2211100[3])Proposal 2：The base station can be set to broadcast differential information to realize double frequency and double difference carrier phase positioning.
· (CATT, R1-2211205[4]) Proposal 12: Suggest including the following TP in the TR (for potential specification impact):
· Double differential carrier phases with the use of the PRU need to be supported for NR carrier phase positioning. From the physical layer perspective, no significant impact is identified for supporting the double differential carrier phase positioning with the use of the PRU.
· (Locaila, R1-2211259[5]) Observation2: Considering the accuracy of commercially available oscillators and the size of phase offset information necessary to broadcast, the proposed double difference method may cause a heavy traffic burden to the 5G NR system. 
· (Locaila, R1-2211259[5]) Proposal 2. Include the following text in TR 38.859
· Considering the accuracy of commercially available oscillators and the size of phase offset information necessary to broadcast, the proposed double difference method may cause a heavy traffic burden to LMF and 5G NR systems.
· (Nokia, R1-2211312[6]) Observation 1: In UL CP the PRU needs to transmit the SRS for positioning along with the target UE.
· (Nokia, R1-2211312[6]) Observation 2: Both single differential technique and double differential technique are critical to guarantee the performance of the CP positioning.
· (Nokia, R1-2211312[6]) Proposal 10: RAN1 should recommend introducing PRU for UE-assisted positioning, and specifiy the necessary physical layer procedure including aligning measurements by PRU and target UE (e.g., in time).
· (Nokia, R1-2211312[6]) Proposal 11: RAN1 to consider the CP positioning performance impact by introducing PRU for UE-based positioning, and identify the necessary physical layer procedure during normative work.
· (Nokia, R1-2211312[6]) Proposal 12: RAN to study methods to avoid interference due to occur as a result of resource allocation for PRS transmissions without MG.
· (CMCC, R1-2211687[11]) Proposal 1: For carrier phase positioning, the double differential carrier phase measurement should be considered to eliminate the inter TRP carrier phase synchronization errors.
· The double differential carrier phase measurement can be obtained by the use of PRU.
· (InterDigital, R1- 2211728[12]) Proposal 12: Support PRU for NR carrier phase-based positioning.
· (InterDigital, R1- 2211728[12]) Proposal 14: Study a mechanism to transfer measurements from the PRU to the UE in UE-based positioning.
· (Lenovo, R1-2211743[13]) Proposal 6: Support the use of Positioning Reference Units (PRUs) to help mitigate the following carrier phase errors:
· To assist in providing an upper and lower bound on the integer ambiguity (IA) based on the selection of PRUs in the vicinity of the target-UE, which reduces IA search space.
· (LGE, R1- 2211924[14]) Proposal 3: Standard impact for PRU utilization, including signaling and procedure, shall be considered at least for UE assisted positioning method.
· (Samsung, R1-2212550[16]) Observation 2: PRU can be considered for elimination of gNB and UE clock biases, but at the expense of additional network topology complexity.
· (Samsung, R1-2212550[16]) Proposal 3: RAN1 to continue studying how to provide PRU or PRU-like functionality under existing system, e.g., how to determine a PRU and apply the PRU during the positioning procedure.
· (Ericsson, R1-2212515[22]) Proposal 1. We propose that the TR captures Observation 2 and Observation 3: Carrier phase measurements must be carried out in the same way by a UE as by any PRU which is used for double-differentiation or compensation. In downlink, the validity area of a PRU is smaller if NLOS paths affects the carrier phase measurements.
· (Ericsson, R1-2212515[22]) Observation 2	In downlink, carrier phase measurements must be carried out in the same way by a UE as by any PRU which is used for double-differentiation or compensation.
· (Ericsson, R1-2212515[22]) Observation 3	In downlink, the validity area of a PRU is smaller if NLOS paths affects the carrier phase measurements.
· (Ericsson, R1-2212515[22]) Observation 7	Single and double differentiation schemes to cancel out phase offsets requires that 1) For one specific receiver, the Rx phase offset is the same for received signals from all transmitters, and 2) For one specific transmitter, the Tx phase offset is the same for transmitted signals to all receivers. 
· (Ericsson, R1-2212515[22]) Proposal 4	. When reporting results for carrier phase-based positioning accuracy, if PRUs are used for double-differentiation then the PRU deployment should be reported.

FL Comments
It is well known that in order to support cm-level carrier phase positioning, the time/frequency synchronization errors contained in the carrier phase measurement have to be eliminated. In GNSS carrier phase positioning, the double differential technique with the reference receiver(s) located at the known location(s) are commonly used to support GNSS carrier phase positioning. Similarly, for supporting NR carrier phase positioning, it is expected that there is a need to implement the double differential technique, which requires to have one or more PRUs located at known locations to either receive DL PRS signals or transmit UL SRS signals. In RAN1#109e, RAN1 agreed to evaluate the use of PRUs to facilitate NR carrier phase positioning in the SI. Based on the evaluation and analysis presented in this meeting, the majority of companies still consider it is necessary to support the use of PRU for supporting double differential carrier phase positioning. One company [5] has raised the concern about the traffic burden when employing the double difference method. One company [22] has raise the concern on the the validity area of a PRU. In FL’s view, this issues may be closely related implementations. For example, if PRU is mainly to be used to remove the TRP timing errors, then the validity area of a PRU could be related to the coverage area of the TRPs that the PRU can obtain the reliable LOS signals. However, if PRU is used to further mitigate the impact of NLOS, PCO, and ARP errors, then it may requires much dense distribution of the PRUs.

FL Comments:
It seems most companies are fine with the Round 2 FL proposal with the modifications discussed in above table. We will use it for Round 3 discussion. 

(Closed)(Round 1) Proposal 3.4-1
Capture the following TP into TR 38.859 as a conclusion:

· Double differential technique with PRU is recommended to be supported for both UE-based and UE-assisted NR carrier phase positioning, at least, for eliminating the impact of the initial phases of the transmitter and the receiver.
· Note 1: How to efficiently enable the use of the PRU for supporting NR double differential carrier phase positioning needs further discussion during the normative work.

	Company
	comments

	Qulacomm
	Support

	vivo
	okay

	CATT
	Support

	ZTE
	Support

	Xiaomi
	Support 

	Samsung
	Round-trip carrier phase method should also be supported

	Locaila
	We have been showing that TRPs/gNBs can easily be synchronized using a synchronization cable without a double-difference method and PRU, at least in indoor environment. We do not want this text may force unnecessary functions in implementing the 5G carrier phase method in indoor. Therefore, we propose to include the following note 2.
-	Note 2 : Options for TRP/gNB synchronization without using the double-difference method and PRU will not be precluded.

	FL
	See Chairman’s note for agreement. 



[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, R1-2210903[1]) Proposal 14: For the solutions of integer ambiguity, RAN1 could work on a finer granularity of the ToA measurements reporting instead of introducing the slope of carrier phase.
· (Locaila, R1-2211259[5]) Proposal 4: Change the test in section 6.3.1.3 of draft TR 38.859 as below
· It should be noted that the use of “carrier phase positioning” does not necessarily imply that it may proposed virtual-carrier method may not be defined as a standalone positioning method and it will necessarily require the help of legacy positioning methods, such as TDoA or GNSS. 
· (Locaila, R1-2211259[5]) Proposal 5) Capture the following text in TR 38.859
· Integer ambiguity of 5G carrier phase positioning can be resolved using subcarrier based method without the aid of any legacy positioning method.
· (Intel, R1-2211406[8]) Proposal 3: Capture the following options in the TR as potential solutions of integer ambiguity for UE -assisted carrier phase positioning:
· Reporting of the determined integer ambiguity and/or the search range of the integer ambiguity from UE /TRP
· Reporting of the carrier phase measurements together with the legacy positioning measurements from UE /TRP to LMF
· LMF Configure the integer ambiguity range between the TRP and target UE
· Reporting of the new measurements from UE /TRP to LMF, e.g., based on carrier phase differentials across multiple subcarriers within a carrier.
· Combinations of the above.
· (OPPO, R1-2211435[9]) Observation 1: Integer ambiguity in carrier phase measurement would impair the performance of NR positioning significantly.
· (OPPO, R1-2211435[9]) Observation 2: Combining carrier phase measurement with DL-TDOA method does not provide better performance than the DL-TDOA method.
· (OPPO, R1-2211435[9]) Observation 3: Using other positioning method to resolve the integer ambiguity could cause error of integer wavelengths.
· (OPPO, R1-2211435[9]) Proposal 2: Support reporting carrier phase measurement of multiple carrier frequencies to resolve the issue of integer ambiguity.
· (OPPO, R1-2211435[9]) Proposal 3: Support to report carrier phase measurement together with existing positioning measurement.
· (CMCC, R1-2211687[11])Proposal 2: At least the following solutions to solve the integer ambiguity are considered feasible:
· Fast search of integer ambiguity of the carrier phase obtained from more than one frequency;
· Fast search of integer ambiguity of the carrier phase associated with the legacy positioning techniques.
· (InterDigital, R1- 2211728[12]) Proposal 8: Support the UE to report the estimated number of cycles of a received carrier.
· (InterDigital, R1- 2211728[12]) Proposal 9: Support the UE to perform PRS measurement in multiple frequencies in one measurement window.
· (InterDigital, R1- 2211728[12]) Proposal 10: Support the UE to report the phase measurement in multiple frequencies in one measurement reporting.
· (LGE, R1- 2211924[14]) Proposal 5: Method for integer ambiguity resolution should be subject for further studies.
· (NTT DOCOMO, R1-2211990[15]), Observation 1: Regarding integer ambiguity resolution based on multiple carrier frequencies, which frequency granularity (e.g., multiple subcarriers or multiple positioning frequency layers) should be discussed.
· (NTT DOCOMO, R1-2211990[15]), Observation 2: The benefits of using TOA instead of existing measurement metric as RSTD/RTOA should be discussed firstly.
· (NTT DOCOMO, R1-2211990[15]), Observation 3: Details of integer ambiguity resolution based on the slope of the carrier phase measurement with respect to frequency should be clarified by proponent.
· (Samsung, R1-2212550[16]) Observation 5: If the coarse positioning estimate of the legacy-based positioning methods is accurate enough, the carrier phase measurement can be used to further improve the positioning accuracy. 
· (Samsung, R1-2212550[16]) Proposal 5: Study using legacy-based positioning measurements to estimate the number of integer cycles between the gNB and the UE.
· (Samsung, R1-2212550[16]) Proposal 7: Support using carrier phase measurement of DL/UL PRS sub-carriers (e.g., by calculating the slope of the carrier phase measurement relative to frequency) to eliminate the integer ambiguity.
· (Samsung, R1-2212550[16]) Capture the following two Observations in the TR:
· Observation 7: The effectiveness of using carrier phase measurement of DL/UL PRS sub-carriers to eliminate the impact of integer ambiguity on NR carrier phase positioning has been evaluated in the study item.
· Source [Samsung, NN] shows a positioning accuracy of <0.5cm 96% of the time @ 5m, a positioning accuracy of <0.5cm 85% of the time @ 20m, and a positioning accuracy of <0.5cm 72% of the time @ 50m for InF-SH can be reached when using the slope of the carrier phase at each receiver and combining together with round trip carrier phase. 
· Observation 8: The use of carrier phase measurement of DL/UL PRS sub-carriers to eliminate the impact of integer ambiguity has been studied and it improves the accuracy of carrier phase positioning.
· (MediaTek, R1-2212193[18]) Proposal 2.1: The search range for integer cycle could be provided by UE for each DL-RSTD measurement
· (Ericsson, R1-2212515[22]) Proposal 3	. Capture the conclusion of Observation 6 in the technical report that “For successful Multi-Hypothesis IAR, a redundancy in number of TRPs is needed, especially when the accuracy of each carrier phase measurements is reduced.”
· (Ericsson, R1-2212515[22]) Observation 5	With 3 TRPs (positioning in 2D) resp. 4 TRPs (positioning in 3D), any hypothesis for N together with the carrier phase measurements gives an exact solution for the UE position. Consequently, Multi-hypothesis IAR is not possible since all measurement residuals are zero. 
· (Ericsson, R1-2212515[22]) Observation 6	For successful Multi-Hypothesis IAR, a redundancy in number of TRPs is needed, especially when the accuracy of each carrier phase measurements is reduced.

FL Comments

In RAN1#109e, it was agreed that “the impact of integer ambiguity on NR carrier phase positioning and potential solutions to resolve the integer ambiguity will be studied in the SI.” Based on the contributions, the following different solutions have been studied, which include: reporting on a finer granularity of the ToA measurements ([1]),  reporting (sub)carrier phase based measurement (e.g, [4][8][16]), reporting of the carrier phase measurements together with the legacy positioning measurements, reporting carrier phase measurement of multiple (sub)carrier frequencies (e.g., [1][4][9][10][11][12][15]), reporting the estimated number of cycles (e.g., [12][18]). These approaches may be further discussed during the WI phase. 

(H)(Round 1) Proposal 3.5-1
Capture the following TP into TR 38.859 as a conclusion.

· The solutions of integer ambiguity for NR carrier phase positioning are investigated in the study item. The following c solutions are options are identified: 
· Reporting of the carrier phases of more than one frequency
· Reporting of the determined integer ambiguity and/or the search range of the integer ambiguity from UE/TRP from UE/TRP to LMF
· Reporting of the carrier phase measurements together with the legacy positioning measurements from UE/TRP to LMF
· Reporting of the new measurements from UE /TRP to LMF, e.g., based on carrier phase differentials across multiple subcarriers within a carrier.
· LMF configure the integer ambiguity range between the TRP and target UE (for UE-based NR CPP)
· Combinations of the above.


	Company
	comments

	Qualcomm
	We do not support differential reporting across subcarriers. Clarify for 1st bullet ‘more than 1 frequency’ should refer to different PFLs/carriers.

FL: we discussed in previous meeting, the benefits of reporting carrier phases from more than one (sub)carrier frequency within the bandwidth may not be so obvious at the beginning, since is seems obvious that the measurement accuracy of carrier phase measured from the whole bandwidth is considered to be, at least, more accurate than the measurement accuracy of carrier phases measured from the partial bandwidth. However, for carrier phase positioning, the key issue is to fix the integer ambiguity, since if the integer ambiguity is not fixed correctly, it cannot achieve centi-meter level accuracy. The benefits of reporting more than the carrier phases from more than one (sub)carrier frequency within the bandwidth of a carrier is at least presented by three companies (CATT, Huawei, ZTE) in their evaluation results.


	vivo
	We prefer to modify “The following potential solutions are options are identified” to “The following potential solutions are studied options are identified” since we are not sure all of the sub-bullet are needed

FL: The main reason to list them is these solutions has potential impact on the speficication. Using “studied” can be a compromise.

	CATT
	Support. But, we are also fine with vivo’s suggestion.

	ZTE
	Generally OK.

	Xiaomi
	Support with following update
· Reporting of the carrier phases of more than one frequency from UE/TRP to LMF
· Reporting of the determined integer ambiguity and/or the search range of the integer ambiguity from UE/TRP from UE/TRP to LMF
FL: Okay for the changes in my view.

	Samsung
	Fine with proposal

	Locaila
	Reporting multiple subcarriers is helpful for stepwise integer number search. So far, no company suggested the performance evaluation of the ‘integer number search algorithm’ such as lambda. It should be further invested before we determine what should be reported.
FL: These are candidate solutions. I believe the companies have investigated different integer number search algorithm, including the lambda approach.






(Closed)(Round 2) Proposal 3.5-1
Capture the following TP into TR 38.859 as a conclusion.

· The solutions of integer ambiguity for NR carrier phase positioning are investigated in the study item, which include the following: 
· Reporting of the carrier phases of more than one frequency from UE/TRP to LMF;
· Reporting of the determined integer ambiguity and/or the search range of the integer ambiguity from UE/TRP to LMF;
· Reporting of the carrier phase measurements together with the legacy positioning measurements from UE/TRP to LMF;
· Reporting of the new measurements from UE /TRP to LMF, e.g., based on carrier phase differentials across multiple subcarriers within a carrier;
· LMF configure the integer ambiguity range between the TRP and target UE (for UE-based NR CPP).

	Company
	comments

	NTT DOCOMO
	Support.

	Xiaomi
	Support 

	ZTE
	For the first subbullet, one quick question, the CPs of more than one frequency refers to the phase of different PFL or different subcarriers in one PFL?
If it refers to the phase of different subcarriers, it’s similar to the fourth subbullet, because the differentials can be calculated with the reported CPs.
FL: The 4th fourth subbullet is reporting the phase difference between subcarriers. fThe irst subbullet is repoting the phases which can be the same DL PFL or multiple PFLs. For example, CATT has studied both approachs for the first subbullet. 

	FL
	See Chairman’s note for agreement.



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

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

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




Submitted Proposals:
· (Nokia, R1-2211312[6]) observation 6: The antenna array phase center may not always aligned with the physical antenna reference point and it affects to phase and timing measurement accuracy.
· (Nokia, R1-2211312[6]) Proposal 8: RAN1 to recommend solutions to mitigate antenna phase center offset impact on the carrier phase positioning accuracy for normative work.
· (Nokia, R1-2211312[6]) observation 7: PCO impacts also the SRS transmission of the PRU. 
· (Nokia, R1-2211312[6]) Proposal 9: RAN1 should recommend mitigation techniques of antenna phase center offset on PRU transmissions for UL CP. 
· (Samsung, R1-2212550[16]) Proposal 8: Study methods to mitigate the effect of the phase centre offset, e.g., measuring carrier phase of 3 gNBs with rays that are sufficiently close in the spatial domain at the UE.
· (Qualcomm, R1-2212124[17]) observation 5: For the agreed PCV compensation modeling, the angle estimate from the initial coarse non-carrier-phase positioning technique is accurate enough to cause small impact to performance. However, the compensation requires angle estimates relative to the antenna panel orientation, whereas the initial position only yields angle estimates in GCS. Accurate GCS to LCS mapping, or accurate direct angle estimation in the LCS, is needed for accurate carrier phase positioning.
· (Ericsson, R1-2212515[22]) Observation 11	Assistance data to compensate for variations in antenna phase response at different AoA/AoD can have a very large specification impact with large signalling overhead.
· (Ericsson, R1-2212515[22]) Observation 12	Assistance data to compensate for variations in antenna phase response is only useful if AoA/AoD can be determined with sufficient accuracy.

FL Comments
In RAN1#109e, it was agreed to study the impact of antenna phase center offset on the carrier phase positioning accuracy. In RAN1#110, the UE/TRP antenna phase center offset (PCO) model was agreed to the evaluation. In this meeting, multiple companies propose further study the methods for mitigating the impact of the antenna phase center offset [3][17][23]. For mitigating the impact of the antenna phase center offset, there is a need for RAN1 to discuss whether the PCO mitigation will depend on the implementation, such as the calibration of the antenna phase center, etc., or there is a need to consider the support of PCO mitigation in the specification.

(H)(Round 1) Proposal 3.6-1
Capture the following TP into TR 38.859 as a conclusion.

· The impact of the antenna phase center offset on the carrier phase positioning accuracy is evaluated during the study item. Based on the evaluation, it is recommended to include the development of the solutions to mitigate the antenna phase center offset impact on the carrier phase positioning accuracy in normative work.

	Company
	comments

	Qualcomm
	OK

	vivo
	We are not sure the second sentence is needed since the solution is unclear to us.

	CATT
	Support. But, vivo’s comment is valid also. In our understansding, in GNSS carrier phase positinig, the solutions to mitigate the antenna phase center offset is most implementation dependent.

	ZTE
	OK

	Samsung
	This is bit vague and can increase scope of the WI

	FL
	Maybe we can make a conclusion that how to handle “impact of the antenna phase center offset on the carrier phase positioning” needs to be considered in the application without mentioning the potential impact, since it is unclear in this moment on whether this is issue for the specification or implementration.



(H)(Round 2) Proposal 3.6-2
Capture the following TP into TR 38.859 as a conclusion.

· The impact of the antenna phase center offset on the carrier phase positioning accuracy is evaluated during the study item. Based on the evaluation, it is recommended concluded that toit is important to consider the mitigation of  include the development of the solutions to mitigate the antenna phase center offset impact on the carrier phase positioning accuracy applicationsin normative work.

	Company
	comments

	Samsung2
	Suggest to change “it is important to consider …”  to “it is useful to consider …"

	FL
	Discussed online. The question is why it is important to consider the mitigation of the antenna phase center offset, given than there are different evaluation results on the impact.

	
	

	
	




(H)(Round 3) Proposal 3.6-2
Capture the following TP into TR 38.859 as a conclusion.

· The impact of the antenna phase center offset (PCO) on the carrier phase positioning accuracy was evaluated during the study item. The evaluation shows that if the UE/TRP antenna PCO are modelled as calibrated antennas, i.e., using Example 2 of PCO model in Table A.3-1, the impact on PCO may not be significant. On the other hand, if the UE/TRP antenna PCO are modelled as uncalibrated antennas, i.e., using Example 1 of PCO model in Table A.3-1, the impact on PCO can be significant.

	Company
	comments

	
	

	
	

	
	

	
	





Higher Layer Signalling and Procedures
Submitted Proposals and observations:
· (Huawei, R1-2210903[1]) Proposal 5: Reporting of phase measurements with existing measurements should be supported. 
· (Huawei, R1-2210903[1]) Proposal 11: For UE-based carrier phase positioning, the carrier phase measurements of PRU can be transferred from LMF/PRU to UE. \
· (vivo, R1-2211014[2]) Proposal 6:	The carrier phase positioning cannot be seen as a standalone positioning.
· The report of the carrier phase measurements should be together with the existing positioning measurements
· (CATT, R1-2211205[4]) Proposal 13: Suggest including the following TP in the TR (for potential specification impact):
· Higher-layer signalling and procedures need to be enhanced for supporting NR carrier phase positioning, which include at least:
· Enabling a UE to measure and report the carrier phase measurements, and additional information to be introduced for NR CPP, which may be reported together with the existing positioning measurements and information.
· Enabling the use of the PRU for supporting NR double differential carrier phase positioning for both UE-based and UE-assisted carrier phase positioning
· (Xiaomi, R1-2211370[7])Proposal 3: Consider the reporting of the carrier phase measurements together with the existing positioning measurements with high priority.
· (NTT DOCOMO, R1-2211990[15]), Proposal 2: Assistance data which provides helpful information to operate NR carrier phase measurement can be considered.


FL Comments:

(H)(Round 1) Proposal 3.7-1
Capture the following TP into TR 38.859 as a conclusion (Section 6.3.3)

Higher-layer signalling and procedures need to be enhanced for supporting NR carrier phase positioning, which include at least:

· Enabling a UE to measure and report the carrier phase measurements, and additional information to be introduced for NR CPP, which may be reported together with the existing positioning measurements and information.
· Enabling the use of the PRU for supporting NR double differential carrier phase positioning for both UE-based and UE-assisted carrier phase positioning


	Company
	comments

	vivo
	We are not sure the high-layer signaling needs to be discussed in this stage
FL: It may be helpful for preparing WID. 

	CATT
	Support. 

	ZTE
	OK. Higher layer signaling details could be decided by RAN2/RAN3.

	LGE
	Fine

	
	

	
	

	
	



Carrier phase differences and DL-AOD
Submitted Proposals:
· (Huawei, R1-2210903[1]) Proposal 13: Carrier phase difference based AoD should not explicitly be considered, but rather left up to network implementation using the carrier phase measurement reporting.
· (Intel, R1-2211406[8]) Proposal 4: For high accuracy positioning, TX beamforming phase difference estimation for reference and target TRPs should be considered for mitigation of effect of PCO and ARP errors for DL carrier phase-based methods.
· (Intel, R1-2211406[8]) Proposal 5: For carrier phase-based measurements using multi element RX antenna array, RX beamforming phase difference estimation for the reference and target TRPs should be considered.
· (Intel, R1-2211406[8]) Proposal 7: For carrier phase-based UL RTOA measurements for the multi element TX antenna array, TX beamforming phase difference estimation for the reference and target TRPs should be considered.
· (Intel, R1-2211406[8]) Proposal 8: For carrier phase-based UL RTOA measurements for the multi element RX antenna array, RX beamforming phase difference estimation for the reference and target TRPs should be considered.
· (OPPO, R1-2211435[9]) Proposal 4: Support measuring and reporting the carrier phase difference of different Tx antenna ports of TRP for positioning.
· (InterDigital, R1- 2211728[12]) Proposal 6: Study transmission and reception modes (e.g., 2 TX 1RX, 1Tx 2 RX) for phase-difference based positioning.
· (Qualcomm, R1-2212124[17]) Proposal 5: Support phase-difference based AoD as part of support for carrier phase.

FL Comments
Whether to support DL-AOD with carrier-phase difference has been discussed in previous meetings without a conclusion, mainly due to concern is that DL-AoD is not explicitly included in the SI scope. Considering RAN1 has not reached the agreement to study DL-AOD with carrier-phase difference, and in this final meeting, I will hear companies’views on whether we should continue the discussion on the support of Carrier phase differences and DL-AOD in this meeting except capturing the observations of the evaluation results, which is discussed in Section 2.3.9.

(Round 1)  Question 3.8-1
What is your views on whether and how to capture the work related to phase-difference based AoD in TR?

· Option 1: Make conclusion that it is recommended as a part of NR carrier phase positioning normative work in Rel-18, and capture the evaluation results in TR.
· Option 2: Add a sentence/paragraph in TR to indicate the approach was proposed/studied/investigated by some sources, capture the evaluation results in TR, but do not make conclusion or assessment on the effectiveness of the solution.
· Option 3: No further discussion on the issue in this meeting.
· Option 4: other suggestion


	Company
	comments

	Qualcomm
	Capture evaluation results and make a conclusion that they improve DL-AoD relative to Rel-16/17 methods. If RAN1 concludes on normative work for Rel-18 carrier phase, then make a conclusion that it is recommended as part of normative work.

	CATT
	We prefer Option 2. Carrier phase-based DL-AoD could be useful in practical application.

	ZTE
	Prefer option 3.

	Samsung
	We are fine with option 1

	NTT DOCOMO
	Our 1st preference is option 3, but we are also fine with option 2.

	
	



Round trip carrier phase positioning
Submitted Proposals:
· (LGE, R1- 2211924[14]) Proposal 4: Consider nested RTT method for the carrier phase measurement based positioning
· (Samsung, R1-2212550[16]) Proposal 4: Support 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.
· (Samsung, R1-2212550[16]) Capture the following two Observations in the TR 
· Observation 3: The effectiveness of using round trip carrier phase positioning to eliminate the impact of the initial phases of the transmitter and the receiver on NR carrier phase positioning are evaluated in the study item.
· Source [Samsung, NN] shows a positioning accuracy of <0.5cm 96% of the time @ 5m, a positioning accuracy of <0.5cm 85% of the time @ 20m, and a positioning accuracy of <0.5cm 72% of the time @ 50m for InF-SH can be reached with round trip carrier phase positioning.
· (Samsung, R1-2212550[16]) Observation 4: The use of round trip carrier phase positioning to eliminate the impact of initial phase and reference timing mismatches of the transmitter and receiver has been studied and it improves the accuracy of carrier phase positioning.
· (Samsung, R1-2212550[16]) Observation 13: Round-trip carrier phase derivative with respect to carrier frequency can provide centimetre level accuracy.

(Round 1)  Question 3.9-1
What is your views on whether and how to capture the work related to round trip carrier phase positioning in TR?

· Option 1: Make conclusion that it is recommended as a part of NR carrier phase positioning normative work in Rel-18, and capture the evaluation results in TR.
· Option 2: Add a sentence/paragraph in TR to indicate the approach was proposed/studied/investigated by some sources, capture the evaluation results in TR, but do not make conclusion or assessment on the effectiveness of the solution.
· Option 3: No further discussion on the issue in this meeting.
· Option 4: other suggestion


	Company
	comments

	CATT
	We profer Option 2. We have not have enough time to study round trip carrier phase positioning. We can have further study of the approach.

	ZTE
	Prefer option 3. Current discussion or evaluation on round trip carrier phase positioning is scarce. Can discuss this topic when companies have more simulations or analysis.

	Xiaomi
	We share same view as CATT

	Samsung
	Support option 1

	LGE
	Prefer option 1












[bookmark: _Toc111724354]Phase-smoothed timing measurements
Submitted Proposals:
· (NTT DOCOMO, R1-2211990[15]), Proposal 1: The carrier phase measurement can be used to adjust the measurement results of timing-based measurements such as RSTD and RTOA.
· (Fraunhofer, R1- 2212380[20]) 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.
· (IIT Kanpur, R1-2212519[20])Proposal 4: In Rel 18, carrier phase positioning using carrier phase information for smoothing existing timing measurements for DL-TDOA, UL-TDOA and Multi-RTT should be studied for UE-assisted and UE-based positioning.

FL Comments

In GNSS positioning, the use of the carrier phase measurements for smoothing pseudorange measurements is considered to be an effective way to improve the positioning performance, due to the small measurement noise of carrier phase measurements. For NR positioning, using carrier phase measurements to smother other timing measurements may improve the NR positioning accuracy. The advantage of the approach is that it can be implemented without the need to resolve the integer ambiguity in carrier phase measurements. But, the method requires the receiver to be able to track the phase of the carrier at least for a short period of time. The impact on the specification may be minimum in FL’s view, e.g., the UE may need to inform LMF that it has the capability to support the feature, and the LMF may trigger the UE to use the feature only when it is necessary, considering that it may require more processing power in UE to support the feature. 

The issue was discussed in previous meeting w/o conclusion. 

(Round 1)  Question 3.10-1
What is your views on whether and how to capture the work related to phase-smoothed timing measurements in TR?

· Option 1: Make conclusion that it is recommended as a part of NR carrier phase positioning normative work in Rel-18, and capture the evaluation results in TR.
· Option 2: Add a sentence/paragraph in TR to indicate the approach was proposed/studied/investigated by some sources, capture the evaluation results in TR, but do not make conclusion or assessment on the effectiveness of the solution.
· Option 3: No further discussion on the issue in this meeting.
· Option 4: other suggestion

	Company
	comments

	CATT
	We support Option 2.

	ZTE
	Prefer option 2.

	LGE
	Prefer option 2 but also fine with option 3




· 



TRP time synchronization
Submitted Proposals:
· (Locaila, R1-2211259[5]) Observation1: In the indoor environment, the initial phase offset of the transmitters can be removed to the ideal zero if the distributed TRPs or gNBs are connected with synchronization cables. 
· (Locaila, R1-2211259[5]) Proposal 1. In order to prevent misconception and convey the true fact faithfully, we propose to include the following text in section 6.3.2 
· Note : In some indoor environments, TRPs/gNBs can be synchronized using a synchronization cable without a double-difference method and PRU.
· (Locaila, R1-2211259[5]) Proposal 3. RAN1 should study the proposed master-slave gNB synchronization structure and capture the solution in TR 38.859 as an alternative for the proposed double-difference method.

FL Comments:
TRP time synchronization is essential for timing-based positioning methods, including DL-TOA, UL-TDOA and carrier phase positioning. The proposed master-slave gNB synchronization structure in [5] could be a potential solution for TRP time synchronization. However, as FL indicated in previous meetings the investigation of how to implement TRP time synchronization with master-slave gNB synchronization structure is out of the scope of the SI. No other company, except the promponent, considers it is in the scope of the SI. Thus, the suggestion from FL is no further discussion on this issue in this meeting.

(Closed)  Proposal 3.11-1
· No further discussion of master-slave gNB synchronization structure in the SI.

	Company
	comments

	Qualcomm
	Support

	CATT
	Support

	ZTE
	Support

	Samsung
	Suggest to rename to “Main-Secondary”

	NTT DOCOMO
	Support

	LGE
	OK

	FL
	Based on the feedback, suggest closing the discussion.




TCI states
Submitted Proposals:

· (Samsung, R1-2212550[16]) Observation 10: Using TCI states defined by TCI-State and UL-TCIState for DL/UL positioning reference signals simplifies the quasi-co-location and spatial relation framework and allows positioning methods to utilize other channels and signals to aid in positioning calculations.
· (Samsung, R1-2212550[16]) Observation 11: To support TCI states providing quasi-co-location for DL PRS, the source RS of the TCI state can be extended by including DL PRS as a source RS for TCI-State. Other source RS types and QCL types needed for DL PRS are already supported.
· (Samsung, R1-2212550[16]) Observation 12: To support TCI states providing spatial relation for positioning SRS, the source RS of the TCI state can be extended by including DL PRS as a source RS for TCI-State or UL-TCIState, and positioning SRS as a source RS for UL-TCIState. Other source RS types needed for positioning SRS are already supported. 
· (Samsung, R1-2212550[16]) Proposal 11: Extend the Rel-17 TCI-State or UL-TCIState to support providing quasi-co-location and spatial relation for DL/UL positioning reference signals.

FL Comments
The proposals related to TCI state are new and not discussed in the previous meeting. In this final meeting, it is unlikely for us to have the time to discuss them. The FL would like to check companies view on above proposal of using TCI states defined by TCI-State and UL-TCIState for DL/UL positioning reference signals simplifies the quasi-co-location and spatial relation framework.

(Closed)  Question 3.12-1
What is your views on whether and how to capture the work related to using TCI states to TCI states defined by TCI-State and UL-TCIState for DL/UL positioning reference signals simplifies the quasi-co-location and spatial relation framework.

· Option 1: Add a sentence/paragraph in TR to indicate the approach was proposed/studied/investigated by some sources, capture the evaluation results in TR, but do not make conclusion or assessment on the effectiveness of the solution.
· Option 2: No further discussion on the issue in this meeting.
· Option 3: other suggestion

	Company
	comments

	CATT
	We don’t see we can make any conclusion on the proposal in the final meeting.

	ZTE
	Prefer option 2.

	Samsung
	Our preference is to include in the normative work. But we are open to here other companies views

	FL
	Suggest closing the discussion due to the lack of the support. 




TPs for Conclusions

Submitted Proposals:
· (Nokia, R1-2211312[6]) Proposal 2: RAN1 to conclude that NR CP provides significant accuracy gains over existing techniques.
· (InterDigital, R1- 2211728[12]) Proposal 13: Support both UE-based and UE-assisted NR carrier phase positioning.

FL Comments

The following is a draft TP for final Conclusion section of NR CPP study. The draft TP is expected to be modified based on the progress made during the meeting.

(H)(Round 1) Proposal 4-1
Capture the following TP in Conclusion section of TR 38.859.

The solutions for accuracy improvement based on NR carrier phase measurements were studied, which include reference signals, physical layer measurements, and physical layer procedures to enable positioning based on NR carrier phase measurements for both UE-based and UE-assisted positioning, as outlined in Clause 6.3. 

The accuracy improvement based on NR carrier phase measurements is evaluated with the consideration of various error sources, including transmitter/receiver initial phase error, carrier frequency offset (CFO), oscillator-drift, transmitter/receiver antenna reference point (ARP) location errors and, antenna phase center offset (PCO), phase noise (FR2). In addition, the impact of NLOS/multipath on NR positioning accuracy and the resolutions for NLOS/multipath mitigation were also investigated. Various techniques for NR carrier phase positioning are studied and evaluated, which include the methods for resolving the integer ambiguity, the double differential technique with the use of PRU, as well as the multipath mitigation methods. More details of investigated NR carrier phase positioning solutions are provided in Clause 6.3.1.

	Company
	comments

	Qualcomm
	OK

	ZTE
	Is there any discussion on the influence of phase noise (FR2)? If not, we prefer remove this item.

FL: It seems no commany has evaluated phase noise of FR2 specifically. Thus, we may removed it.  

	LGE
	Ok 

	FL
	I also got some offline comments that (H)(Round 1) Proposal 4-1 can b e simplified by refering to Clause 6.3.




(H)(Rount 2) Proposal 4-1
Capture the following TP in Conclusion section of TR 38.859.

The solutions for accuracy improvement based on NR carrier phase measurements were studied, which include reference signals, physical layer measurements, and physical layer procedures to enable positioning based on NR carrier phase measurements for both UE-based and UE-assisted positioning, as outlined in Clause 6.3. 

Various techniques for NR carrier phase positioning are studied and evaluated. More details of investigated NR carrier phase positioning solutions are provided in Clause 6.3.1.

	Company
	comments

	
	

	
	

	
	

	
	




(H)(Round 1) Proposal 4-2
Capture the following TP in Conclusion section of TR 38.859.

The evaluation results show that NR carrier phase positioning can provide significant accuracy improvement over existing techniques, especially for the LOS dominant scenarios, e.g., InF-SH scenario. More detailed analysis of the NR carrier phase positioning is provided in Clause 6.3.2.

	Company
	comments

	Qualcomm
	Significant accuracy improvements are possible when none of the error sources are modeled. Once all error sources are modeled, the accuracy gains over existing techniques are not significant. 

FL: Not all of companies provide different gains on positioning accuracy. This may be partially due to different approaches are used under different evaluation conditions. Maybe we could say most of the evaluation results from majority sources show that NR carrier phase positioning can provide significant accuracy improvement over existing techniques, especially for the LOS dominant scenarios, e.g., InF-SH scenario.

	CATT
	Okay

	ZTE
	OK

	Samsung
	We would like to include the following update:
“ … Various techniques for NR carrier phase positioning are studied and evaluated, which include the methods for resolving the integer ambiguity, the double differential technique with the use of PRU, round-trip carrier phase to eliminate timing and phase errors, as well as the multipath mitigation methods …”

	LGE
	OK




(Closed) Proposal 4-2
Capture the following TP in Conclusion section of TR 38.859.

The accuracy improvement based on NR carrier phase measurements is evaluated with the consideration of various error sources. The evaluation results from majority companies show that NR carrier phase positioning can provide significant accuracy improvement over existing techniques, especially for the LOS dominant scenarios, e.g., InF-SH scenario. More detailed analysis of the NR carrier phase positioning is provided in Clause 6.3.2.

	Company
	comments

	
	

	
	

	
	

	
	





(H)(Round 1) Proposal 4-3
Capture the following TP in Conclusion section of TR 38.859.

Regarding the potential specification impact for supporting carrier phase positioning, it is concluded that existing DL PRS signals and UL SRS for positioning purpose can be reused for supporting NR carrier phase measurements. The candidate physical layer measurements for NR carrier phase positioning are also identified. With the reuse of the existing reference signals (i.e., DL PRS and UL SRS for positioning purpose), the potential specification impact may not be significant, mainly for the support of the new carrier phase measurements .More detailed analysis on the potential specification impact for supporting carrier phase positioning is  provided in Clause 6.3.3.

	Company
	comments

	Qualcomm
	RAN1 can only conclude on RAN1 spec impact. The spec impact could be significant in RAN4 (e.g., to define radiated tests in FR1)

	CATT
	Support. 

	ZTE
	OK

	Samsung
	We would like to add the following:
“…it is concluded that existing DL PRS signals and UL SRS for positioning purpose can be reused for supporting NR carrier phase measurements with potential enhacements. … With the reuse of the existing reference signals (i.e., DL PRS and UL SRS for positioning purpose) with small potential enhacements, the potential specification impact may not be significant,  ”





(Closed)) Proposal 4-3
Capture the following TP in Conclusion section of TR 38.859.

Regarding the potential specification impact for supporting carrier phase positioning, it is concluded that existing DL PRS signals and UL SRS for positioning purpose can be reused for supporting NR carrier phase measurements. More detailed analysis on the potential specification impact for supporting carrier phase positioning is provided in Clause 6.3.3.

	Company
	comments

	
	

	
	

	
	

	
	



(H)(Round 1) Proposal 4-4
Capture the following TP in Conclusion section of TR 38.859.

Based on the study, it is concluded that it is beneficial to use carrier phase measurements for improving NR positioning accuracy with potential specification impact being expected to be small. The use of carrier phase measurements for improving NR positioning accuracy is recommended for normative work for both UE-based and UE-assisted carrier phase positioning.

	Company
	comments

	Qualcomm
	We have seen that significant gains over existing techniques are indeed possible in principle, i.e., when the error sources are not modeled. Unfortunately these gains are almost entirely erased once all the error sources are added as per the RAN1 agreed modeling of these sources. The current state of the art on how tightly these error sources can be controlled precludes practical realization of the potential gains in the Rel-18 timeframe. Thus, we do not support normative work on carrier phase in Rel-18.
FL: I understand not all compnies provide the significant gains. In FL’s view, the main reason for different companies present different evaluation results is mainly due to different algorithms are used. Consddering that the algorithms are implementation dependent, 


	CATT
	Support. Our evaluation shows significant gains when all the error sources are added. 

	ZTE
	Generally fine with the proposal.

	MTK
	We see that when the carrier phase measurement that measures the fractional cycle value has 5% error, it will further impact the search of integer cycles.  Some companies also have similar results.

 This means, the accuracy performance could be good only when cpm is accurate enough. When cpm quality is good enough, basically the integer search will not go wrong, and it becomes the problem of how much effort to spend for the search. The cpm quality includes using the methods such as double differential to improve it.

If cpm has slightly large error, for example greater than 5% error, then the approach of cpm + search could be worse than using high resolution receiver by finer granularity, and this method doesn't need search.

So we see that cpm has the value to improve the accuracy, and we also see that cpm’s good performance is conditional. Then a better solution seems to have an alternative to further enhance TOA based method, for example to report with finer granularity. 

 We are okay for the above proposal. Whether there is a need to further enhance TOA method through reporting, we are open, and think that it could be up to the FL to make judgment or to list it as a separate proposal.
  

	FL
	




(H)(Round 2) Proposal 4-4
Capture the following TP in Conclusion section of TR 38.859.

Based on the study, it is concluded that it is beneficial to use carrier phase measurements for improving NR positioning accuracy. The use of carrier phase measurements for improving NR positioning accuracy is recommended for normative work for both UE-based and UE-assisted carrier phase positioning.

	Company
	comments

	
	

	
	




(H)(Round 3) Proposal 4-1
Capture the following TP in Conclusion of TR 38.859.

The solutions for accuracy improvement based on NR carrier phase measurements were studied, which include reference signals, physical layer measurements, and physical layer procedures to enable positioning based on NR carrier phase measurements for both UE-based and UE-assisted positioning, as outlined in Clause 6.3. 

Various techniques for NR carrier phase positioning are studied and evaluated. More details of investigated NR carrier phase positioning solutions are provided in Clause 6.3.1.

The evaluation results show that NR carrier phase positioning can provide accuracy improvement over existing techniques, especially for the LOS dominant scenarios, e.g., InF-SH scenario. More detailed analysis of the NR carrier phase positioning is provided in Clause 6.3.2.

Regarding the potential specification impact for supporting carrier phase positioning, it is concluded that existing DL PRS signals and UL SRS for positioning purpose can be reused for supporting NR carrier phase measurements. More detailed analysis on the potential specification impact for supporting carrier phase positioning is provided in Clause 6.3.3.

Based on the study, it is concluded that it is beneficial to use carrier phase measurements for improving NR positioning accuracy. The use of carrier phase measurements for improving NR positioning accuracy is recommended for normative work for both UE-based and LMF-based carrier phase positioning.


	Company
	comments

	MTK
	We support this feature for normative work. But we also feel that the integer cycle search effort is less discussed during SI.

 We suggest to study how to reduce integer search effort in WI.

FL: Thanks MTK for the support. The resolution of integer ambiguity has been the main focus on carrier phase positioning, which deserve further consideration in WI. 



FL Comments

After exchanging the views with a number of companies, the suggestion is the conclusion can be more specific on what to be considered for WI. The proposal is revised based on the suggestion.

[bookmark: P3](H)(Round 4) Proposal 4-1
Capture the following TP in the Conclusion of TR 38.859.

Based on the study, it is concluded that it is feasible to use existing DL PRS and SRS signals to obtain the carrier phase measurements, which can be used for improving the positioning accuracy for both UE-based and LMF-based positioning. Centimeter-level positioning accuracy can be achieved by the use of carrier phase measurements with the initial phase errors and frequency errors being considered under the conditions the PRU is located in LOS with TRP(s) and the locations of the PRU and TRPs are known with centimeter-level accuracy. Thus, it is recommended to introduce the reporting of DL and UL carrier phase measurements for normative work for both UE-based and LMF-based positioning. 
· The solutions for resolving the integer ambiguity in carrier phase measurements can be further investigated during the normative work.


	Company
	comments

	
	

	
	

	
	

	
	




Proposals for online session

Offline consensus

Capture the following TP in the Conclusion of TR 38.859.

Based on the study, it is concluded that it is feasible to use existing DL PRS and SRS signals to obtain the carrier phase measurements for achieving a horizontal accuracy [in the order of a few centimeter at least at 50%] under certain conditions, including the PRU(s) being located in LOS with TRP(s), and the locations of the PRU(s) and TRPs known with centimeter-level accuracy, in the agreed evaluation assumptions.

Proposal

Evaluation results from most of the sources also show that 1cm – 2cm@80% horizontal positioning can be achieved for InF-SH scenarios with double differential technique, when ARP location error and antenna phase center error are assumed to be zero (Note: ARP location error and antenna phase center error are not considered in Rel-17). However, the evaluation results from the sources show a significant difference in positioning accuracy when ARP location error and antenna phase center error are considered. 

Thus, it is recommended to introduce DL and UL carrier phase measurements for normative work for both UE-based and LMF-based positioning, including the further investigation of the impact of ARP location error and antenna phase center error on the carrier phase positioning, and the methods for mitigating them if necessary.



Proposal
Thus, it is recommended to introduce DL and UL carrier phase measurements for normative work for both UE-based and LMF-based positioning. 
· The solutions for resolving the integer ambiguity in carrier phase measurements can be further investigated during the normative work.


[bookmark: _Toc111724379]References
[1]  R1-2210903	Remaining issues for carrier phase positioning	Huawei, HiSilicon
[2]  R1-2211014	Discussion on carrier phase measurement enhancements	vivo
[3]  R1-2211100	High precision positioning of dual frequency carrier phase	BUPT
[4]  R1-2211205	Further discussion on improved accuracy based on NR carrier phase measurement	CATT
[5]  R1-2211259	Experiment and Simulation Result on Carrier Phase Based Positioning	Locaila
[6]  R1-2211312	Views on improved accuracy based on NR carrier phase measurement	Nokia, Nokia Shanghai Bell
[7]  R1-2211370	Improved accuracy based on NR carrier phase measurement	xiaomi
[8]  R1-2211406	Improved positioning accuracy with NR carrier phase measurements	Intel Corporation
[9]  R1-2211435	Discussions on Carrier Phase Measurement for NR Positioning	OPPO
[10]  R1-2212520	Discussion on carrier phase measurement based positioning	ZTE
[11]  R1-2211687	Discussion on carrier phase positioning	CMCC
[12]  R1-2211728	Discussion on positioning based on NR carrier phase measurement	InterDigital, Inc.
[13]  R1-2211743	On NR carrier phase measurements	Lenovo
[14]  R1-2211924	Discussion on OFDM based carrier phase measurement in NR	LG Electronics
[15]  R1-2211990	Discussion on improved accuracy based on NR carrier phase measurement	NTT DOCOMO, INC.
[16]  R1-2212550	Discussion on NR Carrier Phase Measurement	Samsung (Revised)
[17]  R1-2212124	Phase Measurements in NR Positioning	Qualcomm Incorporated
[18]  R1-2212193	The potential solutions for carrier phase measurement	MediaTek Inc.
[19]  R1-2212359	Discussion on NR carrier phase positioning	NEC
[20]  R1-2212380	NR carrier phase measurements for positioning	Fraunhofer IIS, Fraunhofer HHI
[21]  R1-2212519	Views on NR carrier phase measurement for positioning accuracy enhancement	IIT Kanpur, CEWiT
[22]  R1-2212515	Improved accuracy based on NR carrier phase measurement	Ericsson
[23]  RP-213588 	Revised SID on Study on expanded and improved NR positioning, Intel (Email discussion moderator)
[24]  R1-2210715 Draft TR 38.859 v020: Study on expanded and improved NR positioning, Intel Corporation, CATT, Ericsson
[25]  Draft Report of 3GPP TSG RAN WG1 #109-e 
[26]  Draft Report of 3GPP TSG RAN WG1 #110-e 
[27]  Draft Report of 3GPP TSG RAN WG1 #110bis-e
[28]  R1-2205165 	FL Summary #2 Carrier Phase Measurements, Moderator (CATT)
[29]  R1-2208206 	FL Summary #3 Carrier Phase Measurements, Moderator (CATT)
[30]  R1-2210765 	FL Summary #3 for improved accuracy based on NR carrier phase measurement
[31]  R1-2212859,  Discussion on NR Carrier Phase Measurement	Samsung (revision of R1-2212550)




image1.png




image2.png




