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1	Introduction
The approval of the Rel-18 work package marks the start of 5G Advanced evolution. The package includes a study item on AI/ML for NR air interface, and the work item description can be found in [1].
The initial use cases focused in this study include:
 (
CSI feedback enhancement, e.g., overhead reduction, improved accuracy
, prediction [RAN1]
Beam management, e.g., 
beam prediction in time,
 and/or 
spatial domain
 for overhead and
 
latency reduction
, beam selection accuracy improvement [RAN1]
Positioning accuracy enhancements
 for different scenarios including, e.g.,
 
those with
 heavy
 
NLOS
 
conditions [RAN1] 
)
For the use cases under consideration, the study aims to evaluate performance benefits of AI/ML based algorithms:
 (
Methodology based on statistical models (from TR 38.901 and TR 38.857 [positioning]), for link and system level simulations. 
Extensions of 3GPP evaluation methodology for better suitability to AI/ML based techniques should be considered as needed.
Whether f
ield data 
are optionally needed 
to further assess the performance and
 
robustness in real-world environments 
should be discussed as part of the study. 
Need for common
 assumptions in
 dataset construction for training, validation and test for the
 
selected use cases
.
 
Consider adequate model training strategy, collaboration levels and associated implications
Consider agreed-upon base AI model(s) for calibration
AI model description and training methodology used for evaluation should be reported for information and cross-checking purposes
KPIs
: 
Determine the common 
KPIs
 and corresponding requirements for the AI/ML operations.
 
Determine the use-case specific 
KPIs
 and benchmarks of the selected use-cases.
Performance, inference latency and computational complexity of AI/ML based algorithms should be compared to that of a state-of-the-art baseline
Overhead, power consumption (including computational), memory storage, and hardware requirements (including for given processing delays) associated with enabling respective AI/ML scheme, as well as generalization capability should be considered.
)
In this contribution, we discuss the evaluation assumptions for positioning accuracy enhancements. 
2	Methodology
NR offers a variety of positioning technologies. Release-15 NR supports positioning, e.g., by using LTE positioning in non-standalone (NSA) operation. Release-16 NR much enhances the positioning support with a range of positioning methods, including both downlink-based and uplink-based positioning. Release-17 NR introduces additional enhancements to reduce latency for time-critical use cases such as remote control, deliver positioning accuracy down to the level of 20-30 cm for use cases such as factory automation, and improve integrity protection of the location information. 3GPP Release 18 is investigating solutions to further improve accuracy, integrity, and power efficiency in positioning, study sidelink positioning, and investigate positioning support for RedCap devices.
NR supports large channel bandwidth (up to 100 MHz in FR1 and up to 400 MHz in FR2). Such large signal bandwidths offer an improved ability to resolve multipath effects. The use of multiple antennas for transmission and/or reception in NR facilitates directional positioning including Angle-of-Arrival positioning and Angle-of-Departure positioning. The evaluation results captured in TR 38.855 [2] and TR 38.857 [3] show that NR can achieve high positioning accuracy results.
Nonetheless, the achievable position accuracy is largely dependent on the network deployment pertinent to the corresponding environment, such as if the density of base stations is high enough to create a high probability of LOS conditions.
Observation 1: The achievable positioning accuracy highly depends on the probability of the LOS signal propagation conditions between base station and UE.
Proposal 1: Focus on scenarios with heavy NLOS signal propagation conditions between base station and UE to study AI/ML based algorithms for positioning accuracy enhancements.
With Industry 4.0, we are at a new dawn of automation and intelligence, with smart, connected products and the smart factories that produce them. Positioning is a valuable service for Industry 4.0. Industrial factories may also have heavy NLOS signal propagation conditions between base station and UE, and thus are ideal scenarios for study AI/ML based algorithms for positioning accuracy enhancements. 3GPP has defined a set of indoor factory (InF) scenarios, focusing on factory halls of varying sizes and with varying levels of density of clutters, e.g., machinery, assembly lines, storage shelves,
Proposal 2: Indoor factory (InF) scenarios should be evaluated as part of the study on AI/ML based algorithms for positioning accuracy enhancements.
3GPP has established simulation methodology for studying positioning (see, e.g., TR 38.855 [2] and TR 38.857 [3]), which can be used to generate synthetic data for the study of AI/ML based algorithms for positioning accuracy enhancements. 
Proposal 3: Use the simulation assumptions in TR 38.857 as a starting point for the evaluation of AI/ML based algorithms for positioning accuracy enhancement.
However, the simulation layout for indoor factory scenarios described in TR 38.857 (see Figure 1) is much simplified compared to real-world indoor factory scenarios. Additional simulation methodology for generating synthetic data, such as digital twins, can be explored. A digital twin is a virtual representation — a true-to-reality simulation of physics and materials — of a real-world physical asset or system, which is continuously updated. Digital twins can help generate synthetic data that are closer to real-world data, compared to the traditional 3GPP statistical simulation methodology.
	Layout 
	Hall size
	InF-SH: 
(baseline) 300x150 m 
(optional) 120x60 m
InF-DH: 
(baseline) 120x60 m
(optional) 300x150 m

	
	BS locations
	18 BSs on a square lattice with spacing D, located D/2 from the walls.
-	for the small hall (L=120m x W=60m): D=20m
-	for the big hall (L=300m x W=150m): D=50m

[image: ]

	
	Room height
	10m


[bookmark: _Ref99464130]Figure 1: Layout for indoor factory scenarios defined in TR 38.857.
Observation 2: The simulation layout for indoor factory scenarios described in TR 38.857 is much simplified compared to real-world indoor factory scenarios.
Proposal 4: Additional simulation methodology for generating synthetic data, such as digital twins, should be explored for the study of AI/ML based algorithms for positioning accuracy enhancements.
Besides generating synthetic data, real data is valuable for the study of AI/ML based algorithms for positing accuracy enhancements.
Proposal 5: Identifying existing sets of real data should be part of the evaluation work for the study of AI/ML based algorithms for positing accuracy enhancements.
Proposal 6: Companies are encouraged to contribute real data to evaluate AI/ML based algorithms for positioning accuracy enhancements.
As the Rel-18 study on AI/ML for NR air interface is the first one in 3GPP that explores the benefits of augmenting air interface with features enabling improved support of AI/ML based algorithms, it is important to calibrate evaluation results from different companies in order to facilitate drawing observations and making conclusions. To this end, it is beneficial to agree on baseline AI model(s) for calibration.
Proposal 7: Baseline AI model(s) should be identified for the purpose of calibration in the study of AI/ML based algorithms for positioning accuracy enhancements.

3	KPIs
The study item description lists many dimensions for KPIs, including performance, inference latency, computational complexity, overhead, power consumption, memory storage, hardware requirements, and generalization capability. 
Though it is beneficial to have a full characterization of the performance of AI/ML based algorithms for NR air interface, it is important to focus on a few most important KPIs in the initial phase to understand the gains of AI/ML based algorithms. 
From positioning accuracy enhancement perspective, the key requirement is to improve positioning accuracy. Positioning accuracy can be measured by 
· Horizontal accuracy, which is the difference between the calculated horizontal position and the actual horizontal position of a UE. 
· Vertical accuracy, which is the difference between the calculated vertical position and the actual vertical position of a UE.
With the collected positioning error distribution, a set of percentiles of positioning error can be analysed, such as 50%, 67%, 80%, 90%, and 95%.
Also, many of the KPIs such as inference latency depend on the used computing platform (such as the GPU model). Therefore, it is important to report the KPIs together with the used computing platform (such as the GPU model).
Proposal 8: Key KPIs for the study of AI/ML based algorithms for positioning accuracy enhancements include horizontal accuracy and vertical accuracy.
Proposal 9: Provide information on the used computing platform (such as the GPU model) when reporting KPIs for AI/ML based positioning enhancement.

Conclusion
In the previous sections, we discuss general aspects of AI/ML framework for NR air interface and make the following observations:
Observation 1: The achievable positioning accuracy highly depends on the probability of the LOS signal propagation conditions between base station and UE.
Observation 2: The simulation layout for indoor factory scenarios described in TR 38.857 is much simplified compared to real-world indoor factory scenarios.
Based on the discussion in the previous sections we propose the following:
Proposal 1: Focus on scenarios with heavy NLOS signal propagation conditions between base station and UE to study AI/ML based algorithms for positioning accuracy enhancements.
Proposal 2: Indoor factory (InF) scenarios should be evaluated as part of the study on AI/ML based algorithms for positioning accuracy enhancements.
Proposal 3: Use the simulation assumptions in TR 38.857 as a starting point for the evaluation of AI/ML based algorithms for positioning accuracy enhancement.
Proposal 4: Additional simulation methodology for generating synthetic data, such as digital twins, should be explored for the study of AI/ML based algorithms for positioning accuracy enhancements.
Proposal 5: Identifying existing sets of real data should be part of the evaluation work for the study of AI/ML based algorithms for positing accuracy enhancements.
Proposal 6: Companies are encouraged to contribute real data to evaluate AI/ML based algorithms for positioning accuracy enhancements.
Proposal 7: Baseline AI model(s) should be identified for the purpose of calibration in the study of AI/ML based algorithms for positioning accuracy enhancements.
Proposal 8: Key KPIs for the study of AI/ML based algorithms for positioning accuracy enhancements include horizontal accuracy and vertical accuracy.
Proposal 9: Provide information on the used computing platform (such as the GPU model) when reporting KPIs for AI/ML based positioning enhancement.

Reference
[bookmark: _Ref42716514][bookmark: _Ref45286859]RP-213599, “Study on Artificial Intelligence (AI)/Machine Learning (ML) for NR Air Interface,” 3GPP TSG RAN #94-e, December 2021.
[bookmark: _Ref99461001]TR 38.855, “Study on NR positioning support.”
[bookmark: _Ref99461005]TR 38.857, “Study on NR positioning enhancements.”
image1.emf
 


