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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 view on solutions for accuracy improvement based on NR carrier phase measurements for Rel-18 NR positioning.

2. NR carrier phase measurement
Rel-16/17 NR supports several positioning methods such as E-CID, DL-TDOA, UL-TDOA, Multi-RTT, DL-AoD and UL-AoA. Thanks to these various methods, NR positioning can be used for various scenarios (e.g., general commercial use cases and IIoT use cases).
GNSS supports timing-based method and phase-based method. Phase-based method is known as carrier phase measurement and provides highly precise positioning services. For example, GNSS carrier phase measurement as Precise Point Positioning (PPP) and Real Time Kinematic (RTK) methods can achieve cm-order positioning accuracy. The suitable method can be used for different use case.
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.
Observation 1: 
· In NR positioning, the carrier phase measurement can be used to adjust the measurement results of timing-based measurements such as RSTD and RTOA.

3. Discussion points
3.1. Integer ambiguity
At the last meeting [2], the study of impact of integer ambiguity and potential solutions was agreed as follows:
Agreement
The impact of integer ambiguity on NR carrier phase positioning and potential solutions to resolve the integer ambiguity will be studied in the SI.

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 phase and the carrier phase difference, the number of candidates of the estimated wave-number between the satellite and the receiver can be reduced. 
In case of NR carrier phase positioning, given that Time Alignment Error (TAE) which the requirement 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 2: 
· Regarding NR carrier phase measurement of multiple carrier frequencies, the meaning of multiple frequencies should be clarified firstly (e.g., multiple subcarriers or multiple positioning frequency layers).

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 1: 
· Assistance data which provides helpful information to operate NR carrier phase measurement can be studied.

3.2. Hybrid positioning based on carrier phase measurement
At the last meeting, the study of combination of carrier phase positioning with timing-based NR positioning was agreed as follows:
Agreement
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 

In general, timing-based methods such as DL/UL-TDOA can achieve higher positioning accuracy by using large PRS bandwidth. On the other hand, NR carrier phase positioning may not require large PRS bandwidth, since the measured metric is carrier phase at the receiver. Given that the combination of NR carrier phase positioning with timing-based positioning is one possible hybrid method, evaluation of PRS bandwidth size to achieve Rel-18 requirements by using hybrid method including NR carrier phase positioning may be beneficial.
Observation 3: 
· Evaluation of PRS bandwidth size to achieve Rel-18 requirements by using hybrid method including NR carrier phase positioning may be beneficial.

3.3. 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 the 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 2: 
· It may be better to postpone the study of SL carrier phase positioning in future release.

4. 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: 
· In NR positioning, the carrier phase measurement can be used to adjust the measurement results of timing-based measurements such as RSTD and RTOA.
Observation 2: 
· Regarding NR carrier phase measurement of multiple carrier frequencies, the meaning of multiple frequencies should be clarified firstly (e.g., multiple subcarriers or multiple positioning frequency layers).
Observation 3: 
· Evaluation of PRS bandwidth size to achieve Rel-18 requirements by using hybrid method including NR carrier phase positioning may be beneficial.
Proposal 1: 
· Assistance data which provides helpful information to operate NR carrier phase measurement can be studied.
Proposal 2: 
· It may be better to postpone the study of SL carrier phase positioning in future release.
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