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[bookmark: _Toc32744954][bookmark: _Toc48211438]Introduction
The support of low and high-frequency bands and the use of a large number of antenna arrays provide 5G NR the unique advantages of significantly improve positioning accuracy. 3GPP has specified various location technologies in Rel-16 to support regulatory as well as commercial use cases with the target horizontal positioning requirements of <3 m (80%) for indoor scenarios and <10 m (80%) for outdoor scenarios [1]. To address the higher accuracy location requirements for supporting new applications and industry verticals for 5G, Rel-17 has defined the target positioning requirements of <1m (90%) for commercial use cases and < 0.2m (90%) for IIoT use cases with end-to-end latency <100ms [2].
Although 3GPP Rel-17 NR Positioning Enhancements support much better positioning performance than Rel-16, there is still a need for further positioning enhancements in Rel-18 to meet 5G NR positioning requirements. In the following, we will provide our views on further positioning enhancements in Rel-18 from the following perspectives:
· Further improvement of positioning accuracy
· NR positioning for new types of UEs
· NR positioning for high-speed train scenarios
· Sidelink positioning 
· AI/ML positioning

Rel-18 positioning enhancements
Further improvement of positioning accuracy
Further enhancements of the positioning accuracy should be considered in Rel-18 for supporting 5G stringent performance requirements (e.g., defined in 3GPP TS 22.261[3]), and to make 3GPP NR positioning to be competitive to other positioning techniques (e.g., GNSS positioning). For Rel-18, in our view, we should at least consider the following two techniques for further enhancements of the positioning accuracy:
· NR positioning based on carrier phase and carrier phase difference measurements
· Carrier aggregation for NR positioning
NR positioning based on carrier phase and carrier phase difference measurements
Carrier phase positioning (CPP) has been used very successfully in GNSS for cm-level positioning (e.g., real-time kinematic (RTK), precise point positioning (PPP)). However, the technique is so far not supported in 3GPP RAT-dependent positioning. 
In our view, centimeter-level NR positioning based on carrier phase and carrier phase difference measurements can be supported based on existing Rel-16 NR DL PRS and UL SRS signals with a very small impact on the specification. Further analysis of the advantages and benefits of supporting NR positioning based on carrier phase and carrier phase difference measurements is provided in Section 3.1. 
[bookmark: p1]Proposal 1: NR positioning based on carrier phase and carrier phase difference measurements for further improvement of positioning accuracy of DL/UL/DL+UL positioning solutions should be supported in Rel-18.

Carrier aggregation for NR positioning
During Rel-17 ePOS SI, the use of carrier aggregation for NR positioning was investigated, and it was agreed that simultaneous transmission by the gNB and reception by the UE of intra-band one or more contiguous carriers in one or more contiguous PFLs, and simultaneous transmission by the UE and aggregated reception by the gNB of the SRS for positioning in multiple contiguous intra-band carriers can be studied further and if needed, specified during normative work [2]. For Rel-18, we support continuing the study of Rel-17 ePOS SI and further explore the applicability and feasibility of carrier aggregation for NR positioning under different application scenarios.
[bookmark: p2]Proposal 2: NR positioning based on carrier aggregation for further improvement of positioning accuracy of DL/UL/DL+UL positioning solutions should be studied in Rel-18.

NR Positioning support for new types of UEs
RedCap UE positioning
3GPP is introducing RedCap UE in Rel-17 with the objectives of reducing UE complexity (e.g., number of UE RX/TX antennas, UE bandwidth reduction, UE processing time, and UE processing capability), UE power saving and battery lifetime enhancement, etc. The impact on the coverage, network capacity, spectral efficiency, and power saving due to the reduced capability has been evaluated in Rel-17 SI. However, there is no study related to RedCap positioning. 
For supporting RedCap UE positioning, we envision there are no significant changes in existing positioning architecture and solutions. There may have some impacts on signalling, protocol, message, and procedures. The main issues that may need to be considered include the impacts of the reduced complexity on NR positioning coverage and performance and whether there is a need to have a further enhancement in the physical layer to support RedCap positioning, including the configuration of the DL PRS and UL SRS for positioning, the physical layer procedures, the UE capability, etc.
[bookmark: p3]Proposal 3: NR positioning for RedCap UEs should be supported in Rel-18.


Low power high accuracy positioning (LPHAP)
Low power high accuracy positioning is identified as an integral part of a considerable number of industrial applications. The total energy needed for a specific operation time for such a low power high accuracy positioning optimized IoT-device is a combination of energy for positioning (varies depending on the used positioning method), energy for communication/synchronization, and a difficult to predict factor to take additional losses through e.g. security, power management, microcontroller, and self-discharge of batteries into account in TS 22.104 [6]. Examples of target applications for low power high accuracy positioning are asset tracking in process automation, tracking of vehicles, and tool tracking. 
[bookmark: p4]Proposal 4: Low power high accuracy positioning should be supported in Rel-18.

NR Positioning support for high-speed train scenarios
TS 22.261 [8] has defined the performances requirements of the positioning services that the 5G system shall be able to provide, including the support of up to 500 km/h for trains with the service level 2 (3 m accuracy) and service level of 3 (1 m accuracy) with 99% of positioning service availability. ESTI TC RT has identified ongoing challenges for Future Rail Mobile Communication System (FRMCS) include positioning aspects, train speed up to 500 km/h, and the integration of rail frequency spectra for the use of 3GPP radio technologies with the main focus on 5G New Radio (NR) [9]. In addition, the positioning accuracy requirements for train application are defined in [10], where the location information can consist of geographic Location and velocity (the combination of speed and direction), Quality of Service information (horizontal and vertical accuracy, response time, QoS class, etc.). 3GPP has so far not started working on the NR positioning support for high-speed train scenarios. Thus, we propose to include the study in Rel-18. 
[bookmark: p5]Proposal 5: NR positioning for high-speed trains should be studied in Rel-18.

Sidelink positioning
3GPP is currently working on the Study Item on “Scenarios and requirements of in-coverage, partial coverage, and out-of-coverage positioning use cases" [11]. In TR 38.845 [12], the V2X positioning requirements are defined based on TS 22.261 [8] and TS 22.186 [7]. It was also agreed that V2X positioning service should be provided in indoor, outdoor, tunnel areas. The UE velocity up to 250 km/h needs to be supported for outdoor and tunnel areas, inside the network coverage as well as when it is outside the network coverage. The requirements should be also fulfilled when the GNSS-based positioning is not available or not accurate enough [12]. In addition, TR 38.845 has included the positioning requirements for public safety based on the positioning requirements for the “1st responders” use case in TS 22.261 with 1 m horizontal accuracy, e.g., 2 m (absolute) or 0.3 m (relative) vertical accuracy, 95 – 98 % positioning service availability. These requirements apply to both relative and absolute positioning.
[bookmark: p6]Proposal 6: Sidelink positioning should be studied in Rel-18.

[bookmark: _Hlk73786885]AI/ML-based NR positioning
Supporting precise positioning is very challenging under unpredictable radio environments, especially for indoor scenarios that are strongly influenced by multipath and non-line-of-sight (NLOS) radio channels. Various artificial intelligence (AI) and machine learning (ML) approaches have been investigated in recent years to overcome the challenge and have shown promising performance [13, 14]. Using AI/ML approaches for NR positioning may take the advantage of the unprecedented availability of data and resources provided by the large bandwidth, high carrier frequency, and large antenna arrays of 5G NR systems for multipath/NLOS mitigation and may also be used to effectively integrate different positioning technologies and algorithms to achieve a comprehensive solution for 5G positioning. Machine learning-based methods are data-driven, they do not rely on prior assumptions about array geometries, and are expected to adapt better to array imperfections when compared with model-based counterparts.
[bookmark: p7]Proposal 7: AI/ML-based NR positioning should be studied in Rel-18.

[bookmark: _Toc511230715][bookmark: _Toc511230578][bookmark: _Toc48211439]Techniques of positioning enhancements in Rel-18
NR positioning based on carrier phase and carrier phase difference measurements
Further enhancements of the positioning accuracy should be considered in Rel-18 for supporting 5G stringent performance requirements (e.g., defined in 3GPP TS 22.261 [3]), and to make 3GPP NR positioning to be competitive to other positioning techniques (e.g., GNSS positioning). Carrier phase positioning (CPP) has been used very successfully in GNSS for cm-level positioning (e.g., real-time kinematic (RTK), precise point positioning (PPP)). However, the technique is so far not supported in 3GPP RAT-dependent positioning.

[image: ]
Figure 1: Illustration of DL/UL positioning with carrier phase measurements

The main motivation of using the carrier phase measurements is its capability to accurately determine the UE position with cm-accuracy, because of the small carrier phase measurement error, which is typically only about 10% of the carrier wavelength (Fig. 1). In comparison with GNSS carrier-phase positioning, the implementation of the NR carrier phase positioning would have the following advantages:
· NR signal power is much stronger than GNSS signal power. The received power of NR positioning reference signals will be much stronger than that of GNSS signals. GNSS is normally designed with the target received power of above -130dBm for the entire carrier frequency bandwidth. On the other hand, the power of NR positioning reference signals should not be smaller than -100 dBm/15kHz. NR receiver (phase-lock loop) should be able to lock/re-lock the NR carrier signal much faster.
· Lower implementation complexity. Supporting GNSS carrier phase positioning is much more complicated (e.g., it needs to support complicated mechanisms for the determination of the GNSS satellite location, antenna phase center, etc.). On the other hand, NR TRPs are normally stationary on the ground with fixed phase centers. 
· Flexible configuration for the transmission of positioning reference signals. GNSS signals can only be transmitted at the fixed carrier frequencies with fixed bandwidth. However, NR supports flexible configuration for transmission of the DL/UL reference signals with much wider bandwidths. This also allows the support of fast integer ambiguity resolution when DL/UL positioning reference signals are transmitted from multiple carriers [4].
For NR carrier phase positioning, the carrier phase measurements can be obtained from the existing Rel-16 NR reference signals with minimum impact on the specification. 
One of the critical issues for carrier phase positioning is how to deal with the timing synchronization errors. For GNSS carrier phase positioning, the ground reference stations are commonly used to eliminate the impact of satellite errors (including timing, phase centers, etc.). It is worthy to point out that in Rel-17 WI, RAN1 has also evaluated the use of positioning reference units (PRUs) for NR positioning and concluded the positioning performance improvements with PRUs. RAN1 has also requested RAN2/RAN3 (cc SA2) to determine if and what specification enhancements are adopted for PRUs for positioning [5]. The introduction of the positioning reference unit in Rel-17 will also be useful for NR carrier phase positioning.
In addition, we may also consider using carrier phase difference measurements for the positioning enhancements in Rel-18.  For example, the difference of the carrier phase measurements in time may be used to provide the velocity information, and also can be used to improving the measurement accuracy of the timing related measurements, such as the RSTD, RTOA, and UE/gNB time difference; the difference of carrier phase measurements in space from different antennas can be used for improving the angular related measurements (e.g., UL AOA, DL-AOD); and difference of carrier phase measurements from different paths can also be used for improving the positioning accuracy under the NLOS/multipath scenarios.  
During Rel-17 ePOS SI, carrier aggregation for NR positioning was investigated, and it was agreed that simultaneous transmission by the gNB and reception by the UE of intra-band one or more contiguous carriers in one or more contiguous PFLs, and simultaneous transmission by the UE and aggregated reception by the gNB of the SRS for positioning in multiple contiguous intra-band carriers can be studied further and if needed, specified during normative work [2]. For Rel-18, we propose continuing the study of Rel-17 ePOS SI and further explore the applicability and feasibility of carrier aggregation for NR positioning under different application scenarios.
AI/ML positioning techniques
Providing accurate UE location is a challenging task, especially for indoor scenarios. Although in Rel-16 and Rel-17, different technologies are developed for NR positioning systems, it remains a challenge to support the required accuracy, reliability, scalability, and adaptability for 5G NR systems due to unpredictable radio propagation characteristics in different deployment scenarios. Machine learning (ML) methods have recently been widely tried to overcome these challenges with reasonable success [13][14].
To adopt AI/ML positioning methods into 3GPP standard, the following issues may need to be further investigated:
· Adaptability. AI/ML positioning methods are mostly investigated with specific applications and environments in the publications, where the neural network (NN) models are trained well on specific problems. However, AI/ML algorithms/models developed for some specific applications may not necessarily be applicable for other applications. 
· AI/ML algorithms/models. Many AI/ML algorithms/models have been proposed for positioning. The selection of the most appropriate model for a given positioning environment is crucial to get the required positioning performance with minimal model complexity and training effort.
· AI/ML training data. Most AI/ML algorithms need adequate data for training. The availability and the quality of the data significantly influence the performances of AI/ML algorithms. It is crucial for the standard to develop a framework for obtaining the training data;
· AI/ML training procedure. AI/ML algorithms/models need to be well-trained before they can be used. It requires a sufficient amount of data and time for training an AI/ML model. Before it is fully trained, the AI/ML algorithm may not be able to provide position solutions that meet the positioning requirement. In addition, re-training may be needed when the RF environment changes.
· Positioning efficiency. Different AI/ML algorithms/models have different computational and storage overheads for extracting complex features automatically from large volumes of unlabeled data. The limitation of storage capacity, computational capability, and power consumption are all needed to be considered.
· Performance validation. AI/ML algorithms can be tested under particular certain testing scenarios, where the precise locations of the UEs are known. However, it is difficult to validate the performance of the AI/ML algorithms under all real scenarios, since AI/ML algorithms may behavior significantly differently under different scenarios.  

Summary
[bookmark: _GoBack]In this contribution, we provided our views on further positioning enhancements in Rel-18, and have the following proposals:
Proposal 1: NR positioning based on carrier phase and carrier phase difference measurements for further improvement of positioning accuracy of DL/UL/DL+UL positioning solutions should be supported in Rel-18.
 Proposal 2: NR positioning based on carrier aggregation for further improvement of positioning accuracy of DL/UL/DL+UL positioning solutions should be studied in Rel-18.
 Proposal 3: NR positioning for RedCap UEs should be supported in Rel-18.
 Proposal 4: Low power high accuracy positioning should be supported in Rel-18.
 Proposal 5: NR positioning for high-speed trains should be studied in Rel-18.
 Proposal 6: Sidelink positioning should be studied in Rel-18.
 Proposal 7: AI/ML-based NR positioning should be studied in Rel-18.
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