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1. Introduction
At the RAN#94-e meeting, revised SID on Rel-18 NR positioning was agreed [1]. The study item includes objectives related to improved positioning accuracy, integrity and power efficiency as follows:
· Improved accuracy, integrity, and power efficiency:
· Study solutions for Integrity for RAT dependent positioning techniques [RAN2, RAN1]:
· Identify the error sources, [RAN1, RAN2].
· Study methodologies, procedures, signalling, etc for determination of positioning integrity for both UE-based and UE-assisted positioning [RAN2]
· Focus on reuse of concepts and principles being developed for RAT-Independent GNSS positioning integrity, where possible.
· Study solutions for accuracy improvement based on PRS/SRS bandwidth aggregation for intra-band carriers considering e.g. timing errors, phase coherency, frequency errors, power imbalance, etc [RAN4]:
· Study solutions for accuracy improvement based on NR carrier phase measurements [RAN1, RAN4]
· Reference signals, physical layer measurements, physical layer procedures to enable positioning based on NR carrier phase measurements for both UE-based and UE-assisted positioning [RAN1]
· Focus on reuse of existing PRS and SRS, with new reference signals only considered if found necessary
· Study the requirements on LPHAP as developed by SA1 and evaluate whether existing RAN functionality can support these power consumption and positioning requirements. Based on the evaluation, and, if found beneficial, study potential enhancements to help address any limitations [RAN2, RAN1]
· Study is limited to a single representative use case (use case 6 as defined TS 22.104). The choice of selected use case can be reviewed at the start of the study.
· Study is limited to enhancements to RRC_INACTIVE and/or RRC_IDLE state

In this contribution, we present our views on solutions for accuracy improvement based on NR carrier phase measurements for Rel-18 NR positioning.

2. Integer ambiguity
Regarding integer ambiguity resolution scheme, the following proposal was made at the last meeting [2].
(H)(Round 3) Proposal 5-1
· Further study the effectiveness of the following candidate options for the integer ambiguity and NR carrier phase positioning:
· Option 1: based on the carrier phase obtained the carrier phase measurements of multiple carrier frequencies of the (sub)carriers, which may or may not be within one carrier bandwidth; 
· Option 2: based on the TOA obtained from the phase-difference of multiple subcarriers within a carrier bandwidth
· Option 3: based on one single or the combination of existing measurements (e.g., RSTD, RTOA, etc.)
· Option 4: based on the slope of the carrier phase measurement with respect to frequency
· Option 5: LMF configures/reports the potential integer ambiguity value(s) to UE for UE-based positioning. UE reports the potential integer ambiguity value(s) to LMF for UE-assisted positioning.
· Option 6: combination of above approaches
· Note: Other solutions are not precluded.
· Identify the potential impacts of the candidate solutions on the specification and UE/gNB implementation (e.g., the information related to the search range of the integer ambiguity from the UE/TRP to the LMF).

In carrier phase positioning, precise detection of wave-number between transmitter and receiver is one important procedure. If there is ambiguity of the measured carrier wave-number (i.e., integer ambiguity), the positioning accuracy is degraded. Regarding integer ambiguity resolution, NR carrier phase measurement of multiple carrier frequencies was proposed at the last meeting. Integer ambiguity resolution based on measurement of multiple carrier frequencies is known as one solution in GNSS carrier phase positioning. For example, the receiver measures the carrier phase of different carrier frequencies such as f1 signal and f2 signal and calculates the carrier phase difference between signals on two carriers. Based on both the measured carrier phases and the carrier phase difference, the number of candidates of the estimated wave-number between the satellite and the receiver can be reduced. Such solutions are captured as Option 1 and Option 2 in above proposal, while there are other proposed solutions for integer ambiguity. Here, we discuss each option in the above proposal.

Option 1:
In case of NR carrier phase positioning, given that Time Alignment Error (TAE) requirement which applies to frame timing in carrier aggregation is supported in NR specifications, the meaning of multiple frequencies should be clarified firstly (e.g., multiple subcarriers or multiple positioning frequency layers). In addition, if RAN1 considers NR carrier phase measurement of multiple positioning frequency layers, it may be better to discuss whether the frame timing difference between multiple frequencies needs to be considered or not. If necessary, we may need to discuss the compensation scheme of the frame timing difference between multiple frequencies for NR carrier phase positioning.
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.

Option 2:
Option 2 requires specifying new measurement metric such as TOA and may be used for some scenario such as single TRP to a UE. Option 2 may be beneficial to some case where other measurement metric such as AoA can also be obtained at the same time. However, it’s not clear what the benefits of using TOA instead of existing measurement metric as RSTD/RTOA (i.e., option 3).
Observation 2: 
· The benefits of using TOA instead of existing measurement metric as RSTD/RTOA should be discussed firstly.

Option 3:
GNSS carrier phase measurement calculates positioning metric by using the measured carrier wave-length, wave-number between satellite and receiver, and received carrier phase. It means that the wave-length and wave-number are used for coarse estimation step and then the carrier phase is used for fine estimation step on top of that. In case of NR carrier phase measurement, timing-based measurements such as RSTD and RTOA may be used as the coarse estimation step. After that, the measured carrier phase can be used to adjust it as the fine estimation step.
Proposal 1: 
· The carrier phase measurement can be used to adjust the measurement results of timing-based measurements such as RSTD and RTOA.

Option 4:
Option 4 was not discussed sufficiently at the last meeting. Firstly, the mechanism and concept of option 4 should be clarified to make common understanding among companies.
Observation 3: 
· Integer ambiguity resolution based on the slope of the carrier phase measurement with respect to frequency needs to be discussed to clear the mechanism and concept.

Option 5:
The current NR positioning methods support PRS measurements based on assistance data which provides helpful information. For example, DL-AoD supports RSRP/RSRPP measurement based on the assistance data providing expected angle of arrival/departure at the UE. Similarly, assistance data which provides helpful information to operate NR carrier phase measurement can be studied. For example, assistance data providing expected wave-number range may be beneficial to resolve integer ambiguity in NR carrier phase positioning.
Proposal 2: 
· Assistance data which provides helpful information to operate NR carrier phase measurement can be studied.

3. Phase difference for DL-AoD enhancement
In Rel-17 NR, DL-AoD method supports RSRP-based measurements at UE side. If a UE supports carrier phase measurement feature, the UE may enable to measure phase difference among antenna elements. Phase difference-based DL-AoD method would provide more accurate location estimation than RSRP-based DL-AoD method. However, the current SID focuses on carrier phase measurement, thus we think DL-AoD enhancement is out of the scope in Rel-18. Even if majority companies consider DL-AoD enhancement can be a part of the scope, the discussion should be low priority.
Proposal 3: 
· Phase difference-based DL-AoD is out of the scope in Rel-18 NR.

4. SL carrier phase positioning
At the last meeting, whether SL carrier phase positioning should be studied in Rel-18 or not was discussed, however, RAN1 did not reach any conclusion. SL positioning including timing-based and angle-based methods has been studied in Rel-18 NR, and SL positioning reference signal (SL PRS) design is under RAN1 discussion. Thus, RAN1 cannot discuss the detailed mechanism of SL carrier phase positioning at this stage. Considering the situation, we think it may be better to postpone the study of SL carrier phase positioning in future release.
Proposal 4: 
· It may be better to postpone the study of SL carrier phase positioning in future release.

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