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1	Introduction
The ongoing Rel-18 work item Expanded and Improved NR Positioning has several objectives. These objectives include the specification of solutions of incorporating sidelink ranging/positioning, ensuring integrity for RAT(Radio Access Technology)-dependent positioning methods, enabling LPHAP (Low Power High Accuracy Positioning) for Use Case 6 as defined in TS 22.104, enhancing positioning accuracy with the bandwidth aggregation and carrier phase positioning, and introducing support for positioning in RedCap UEs [1][2]. The completion of the Rel-18 positioning work item is expected to bring significant enhancements to 3GPP RAT-dependent positioning methods in terms of accuracy, power consumption, use cases and application scenarios. However, it should be noted that for some of the areas, such as carrier phase positioning, Rel-18 WI objectives only cover the very basic features, and thus, further enhancements are needed after the completion of the Rel-18 positioning WI. In this contribution, we provide our perspective on the areas that require additional enhancements in RAN Rel-19, focusing on the aspects of carrier phase positioning (CPP) and sidelink positioning.

2	Discussion
2.1	Carrier phase positioning enhancements
2.1.1	Motivations
The motivation behind the introduction of NR carrier phase positioning, as stated in the WID [1], stems from its potential “for significant performance improvements for indoor and outdoor deployments in comparison with the existing NR positioning methods, as well as shorter latency and lower UE power consumption in comparison with RTK-GNSS outdoors.” However, due to the TU limitation of Rel-18 positioning WI, it is impossible to fully realize the potential of the NR CPP introduced in Rel-18, as shown in the following objective [2]:
· Specify physical layer measurements and signalling to support NR DL and UL carrier phase positioning for UE-based, UE-assisted, and NG-RAN node assisted positioning [RAN1, RAN2, RAN3, RAN4].
· Existing DL PRS and UL SRS for positioning are used for NR carrier phase measurements.
· Specify measurements that are limited to a single carrier/PFL. 
· Specify corresponding new core requirements, as well as identifying and specifying the impact on the existing RAN4 specification, including RRM measurements with measurement gaps in connected and inactive mode (including PRS measurement period/reporting) and procedures [RAN4].

The above objective shows NR CPP in Rel-18 is restricted to very basic features, which hinder the achievement of substantial performance enhancements. In the following, we outline some of the constraints encountered with the Rel-18 NR CPP:
ISSUE #1: Positioning reference signals
In terms of physical layer positioning reference signals, Rel-18 NR CPP relies on the existing Rel-16 DL PRS/UL SRS for positioning (SRS-Pos), which adopts a staggered pattern and does not support consecutive transmission in the time domain. It’s important to note that the Rel-16 DL PRS/UL SRS-Pos were primarily designed for supporting conventional positioning methods like DL-TDOA/UL-TDOA/Multi-RTT, which are based on single-shot measurements. Rel-16 DL PRS/UL SRS do not consider the phase continuity of the positioning reference signals, thus are not specifically tailored for carrier phase positioning where it is highly desirable to be able to track the changes of the carrier phases in order to resolve the integer ambiguity involved in the carrier phase measurements.  Furthermore, the staggered patterns of the Rel-16 DL-PRS/SRS-Pos pose further challenges for accurately tracking the changes of the carrier phases. Therefore, it becomes necessary to explore new positioning reference signals specifically for carrier phase measurements, in order to maintain the phase continuity of the positioning reference signal.
[bookmark: P1]Proposal 1: Study and specify a new positioning reference signal specifically designed for carrier phase measurement, with a focus on maintaining phase continuity and improving positioning accuracy in Rel-19.

ISSUE #2: Single-shot measurements and Single DL PFL/UL carrier 
As it is well-known, one of the most critical issues in the CPP is to resolve the integer ambiguity embedded in the carrier phase measurements. Based on GNSS CPP experience, the correct resolution of the integer ambiguity embedded in the carrier phase measurements normally relies on many factors, e.g., the tracking of the carrier phase changes and/or the use of the carrier phase measurements obtained from multiple GNSS systems (e.g., GPS, Beidou etc.) and/or multiple carrier frequencies (e.g., GPS L1 and L2 signals). For Rel-18 NR CPP, however, the CP measurements are limited to a single carrier/PFL in WID [1]. In addition, it was agreed to support only single-shot carrier phase measurements. Due to Rel-18 carrier phase measurements are limited to single-shot measurements from a single DL PFL/UL carrier, it is very challenging to ensure the centimetre-level positioning accuracy as evaluated during Rel-18 SI [5]. Thus, there is no guarantee that Rel-18 CPP can provide significant performance improvements for indoor and outdoor deployments in comparison with the existing NR positioning methods with single-shot carrier phase measurements from single DL PFL/UL carrier.
Proposal 2: 	Study and specify the multiple-shot carrier phase measurements from a single DL PFL/UL carrier and multiple DL PFLs/UL carriers in Rel-19.

ISSUE #3:  Critical issues not resolved in Rel-18 
Due to TU limitations, only fundamental features have been agreed to be introduced for Rel-18 NR CPP. Many critical resolutions, which need to be introduced for ensuring NR CPP positioning, have been discussed but so far are not introduced in Rel-18. Some of them are listed in the following [3]:
· Integer ambiguity resolution. Multiple methods for resolving the integer ambiguities have been proposed and discussed. However, they may not be introduced in Rel-18 due to the limited WI TU to fully explore their pros and cons;
· Multipath mitigation. Comparing the other positioning methods, multipath mitigation is even more important for CPP. However, for Rel-18 CPP, it was only agreed to support the reused of Rel-17 LOS/NLOS indicator, which is not enough for Rel-18 CPP;
· Rx/Tx phase delays: Carrier phase measurements are unavoidable to be impacted by phase delays in the Rx/Tx RF chains. However, in Rel-18, there is no enough time to explore the resolution on how to handle the Rx/Tx phase delays.
· Carrier phase center offset: When a receiver measures the carrier phase, it is measured referring to the antenna phase center, whose location may depend on the antenna direction and also signal direction. However, the carrier phase measurement is reported at the measurement reference point, e.g., which is the Rx antenna connector for FR1. How to determine and compensate the error in the carrier phase center offset is not covered in Rel-18 WI.
· Differential corrections: In order to obtain the centi-metre positioning accuracy, CPP depends on the use of differential methods for eliminating the time/frequency errors embedded in the original carrier phase measurements. The differential methods can be categorized into two categories: a) based on the difference of the raw measurements from the target UE and the reference station/network (positioning reference unit, PRU), and b) based on the generation of the differential corrections from the reference station/network, which is then provided to the target UE or the LMF to eliminate the carrier phase errors. The former was agreed to be adopted in Rel-18 due to the simplicity and due to RAN1 does not have the time to fully explore how to support the second approach. However, from the GNSS CPP experience, the latter should also be supported due to its potential advantage on the signalling overhead, reliability and effectiveness. 

[bookmark: P3]Proposal 3: Study and specify more advanced CPP techniques in Rel-19, which at least include the resolution for the following issues:
· Integer ambiguity resolution
· Multipath mitigation
· Rx/Tx phase delays.
· Carrier phase center offset
· Differential corrections with the use of positioning reference unit(s)

ISSUE #4:  Narrow Bandwidth CPP
During Rel-18 CPP SI, the evaluation of CPP performance focused on 100MHz bandwidth.  There is significant demand and interest in enabling high-accuracy carrier phase positioning using narrow bandwidth PRS/SRS-Pos, such as 5MHz or 20MHz. This is particularly relevant for applications requiring precise positioning solutions and for scenarios involving sidelink positioning or RedCap UE positioning. Consequently, it is crucial to conduct research and exploration on carrier phase positioning within these narrow PRS bandwidths (e.g., 5MHz/20MHz) in order to achieve sub-meter positioning accuracy.
[bookmark: P4]Proposal 4: Study and specify the enhancements of carrier phase positioning in scenarios with narrow PRS bandwidth, such as supporting sidelink positioning and/or RedCap UE positioning.

ISSUE #5:  Limitation of supported scenarios in Rel-18 
As shown in the WID, in Rel-18 RAN4 only works on RRM requirements for the scenarios “with measurement gaps” in connected mode and inactive mode. In addition, RAN1 has made the decision not to support the scenario “without measurement gaps” in Rel-18. Thus, 3GPP needs to include the missing scenarios in Rel-19.
[bookmark: P5]Proposal 5: Include the missing scenarios (e.g., without measurement gaps in connected mode) into Rel-19 NR CPP WI.
Based on the above discussion, it becomes evident that the enhancement of positioning accuracy through the NR carrier phase positioning method in Rel-18 will be extremely limited. In order to transform NR carrier phase positioning into a genuinely meaningful feature that aligns with its initial objective of delivering significant performance enhancements, it is imperative to implement further enhancements to NR carrier phase positioning methods in Rel-19.

2.1.2	Objectives for Rel-19
Based on the discussion of the previous section, the proposed objectives for Rel-19 enhancement of the carrier phase positioning can be summarized as follows:
[bookmark: P6]Proposal 6: Support further enhancements of the carrier phase positioning in Rel-19 with the following objectives:
· Explore new positioning reference signals, methods, measurements, signaling, and procedures to enhance NR Downlink (DL) and Uplink (UL) carrier phase positioning for UE-based, UE-assisted, and NG-RAN node-assisted positioning for UEs in RRC_CONNECTED (with and without measurements gap)/RRC_INACTIVE/RRC_IDLE modes, including:
· Study and specify a new positioning reference signal specifically designed for carrier phase measurement, with a focus on maintaining phase continuity and improving positioning accuracy.
· Specify the multiple-shot carrier phase measurements from a single DL PFL/UL carrier and multiple DL PFLs/UL carriers 
· Specify the enhancements of carrier phase positioning in scenarios with narrow PRS bandwidth, such as supporting sidelink positioning and/or RedCap UE positioning.
· Study and specify the resolutions for the following issues:
· Integer ambiguity resolution 
· Multipath mitigation
· Rx/Tx phase delays
· Carrier phase centre offset
· Differential corrections with the use of positioning reference unit(s)

2.2	Sidelink positioning enhancements
2.2.1	Motivations
In Rel-18, only the sidelink positioning accuracy requirements of Set A (meter-level) can be satisfied in some use cases, but the sidelink positioning accuracy requirements of Set B (submeter-level) cannot be satisfied in most of use cases. There is significant demand on the Set B in a lot of application scenarios, e.g., V2X use cases and commercial use cases.
Rel-18 NR sidelink positioning is designed based on the assumption of “always-on” operation. For Rel-19, sidelink positioning solutions for minimizing power consumption are required for vulnerable road users (VRUs) in V2X use cases and for UEs in public safety and commercial use cases.
In high speed scenarios, the sidelink positioning accuracy will degrade significantly and cannot meet the requirements. It is urgent to study how to support the high accuracy sidelink positioning in the high-speed scenarios, e.g., up to 250Km/h for V2X highway use cases. At least the requirement Set A should be satisfied for UEs with speed of 250Km/h.

2.2.2	Objectives
Based on the discussion of the previous section, the proposed objectives for Rel-19 enhancement of the Sidelink positioning can be summarized as follows:
[bookmark: P7]Proposal 7: Support further enhancements of the sidelink positioning in Rel-19 with the following objectives:
· [bookmark: P2]Specify the enhancements of sidelink positioning in NR systems, including the following:
· Specify methods, measurements, signalling and procedures for improving positioning accuracy of sidelink positioning, including:
· Specify sidelink positioning method enhancements (incl., SL-CPP/ SL-AoD)
· Specify inter-user coordination for SL-PRS in the dedicated resource pool
· Specify Tx/Rx timing error mitigation for sidelink positioning
· Specify UE relative speed/attitude measurement
· Specify partial sensing mechanism for SL-PRS resource allocation mode 2 in the dedicated resource pool to reduce power consumption of positioning UEs.
· Specify methods to improve the positioning accuracy in high-speed scenarios (Up to 250Km/h) to avoid the impact of doppler frequency shift.

4	Conclusion
In this contribution, we provide our perspective on the areas that require additional enhancements in RAN Rel-19, focusing on the aspects of further enhancements of the carrier phase positioning and Sidelink positioning. The proposals are summarized in the following:
Proposal 1: Study and specify a new positioning reference signal specifically designed for carrier phase measurement, with a focus on maintaining phase continuity and improving positioning accuracy in Rel-19.
· Specify the enhancements of sidelink positioning in NR systems, including the following:
· Specify methods, measurements, signalling and procedures for improving positioning accuracy of sidelink positioning, including:
· Specify sidelink positioning method enhancements (incl., SL-CPP/ SL-AoD)
· Specify inter-user coordination for SL-PRS in the dedicated resource pool
· Specify Tx/Rx timing error mitigation for sidelink positioning
· Specify UE relative speed/attitude measurement
· Specify partial sensing mechanism for SL-PRS resource allocation mode 2 in the dedicated resource pool to reduce power consumption of positioning UEs.
· Specify methods to improve the positioning accuracy in high-speed scenarios (Up to 250Km/h) to avoid the impact of doppler frequency shift.
Proposal 3: Study and specify more advanced CPP techniques in Rel-19, which at least include the resolution for the following issues:
· Integer ambiguity resolution
· Multipath mitigation
· Rx/Tx phase delays.
· Carrier phase center offset
· Differential corrections with the use of positioning reference unit(s)
Proposal 4: Study and specify the enhancements of carrier phase positioning in scenarios with narrow PRS bandwidth, such as supporting sidelink positioning and/or RedCap UE positioning.
Proposal 5: Include the missing scenarios (e.g., without measurement gaps in connected mode) into Rel-19 NR CPP WI.
Proposal 6: Support further enhancements of the carrier phase positioning in Rel-19 with the following objectives:
· Explore new positioning reference signals, methods, measurements, signaling, and procedures to enhance NR Downlink (DL) and Uplink (UL) carrier phase positioning for UE-based, UE-assisted, and NG-RAN node-assisted positioning for UEs in RRC_CONNECTED (with and without measurements gap)/RRC_INACTIVE/RRC_IDLE modes, including:
· Study and specify a new positioning reference signal specifically designed for carrier phase measurement, with a focus on maintaining phase continuity and improving positioning accuracy.
· Specify the multiple-shot carrier phase measurements from a single DL PFL/UL carrier and multiple DL PFLs/UL carriers 
· Specify the enhancements of carrier phase positioning in scenarios with narrow PRS bandwidth, such as supporting sidelink positioning and/or RedCap UE positioning.
· Study and specify the resolutions for the following issues:
· Integer ambiguity resolution 
· Multipath mitigation
· Rx/Tx phase delays
· Carrier phase centre offset
· Differential corrections with the use of positioning reference unit(s)
Proposal 7: Support further enhancements of the sidelink positioning in Rel-19 with the following objectives:
· Specify the enhancements of sidelink positioning in NR systems, including the following:
· Specify methods, measurements, signalling and procedures for improving positioning accuracy of sidelink positioning, including:
· Specify sidelink positioning method enhancements (incl., SL-CPP/ SL-AoD)
· Specify inter-user coordination for SL-PRS in the dedicated resource pool
· Specify Tx/Rx timing error mitigation for sidelink positioning
· Specify UE relative speed/attitude measurement
· Specify partial sensing mechanism for SL-PRS resource allocation mode 2 in the dedicated resource pool to reduce power consumption of positioning UEs.
· Specify methods to improve the positioning accuracy in high-speed scenarios (Up to 250Km/h) to avoid the impact of doppler frequency shift.
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