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Introduction

In 3GPP TSG RAN Meeting #94e meeting, a new SID was approved to evaluate how to deploy AI/ML technologies in air interface [1]. The initial set of use cases includes CSI feedback enhancement, beam management, and positioning accuracy enhancements. In our companion contribution [2], we have analyzed evaluation assumptions for AI/ML based positioning. In this contribution, we further discuss potential enhancements for this topic based on the assumptions in [2].
General views for AI/ML based positioning
As discussed in our companion contribution [3], there could be different collaboration levels between UE and gNB. We prefer to focus on the following two categories during the initial evaluation for AI/ML based positioning.
Cat1: AI/ML related training and inference are all conducted at one side of network or UE and is transparent to the other side;
Cat2: AI/ML related training and inference are conducted at one side of network or UE, but requires additional signaling or procedure enhancements between two sides, potentially with existing signaling framework. 
Cat1 strives to reduce specification impacts as much as possible, which can be a baseline for comparison purpose and to identify whether enhancements that are non-transparent to specification are needed or not. For example, in current specifications, UE/gNB supports the following measurements [4][5],

DL-RSTD and UL-RTOA
DL PRS-RSRP and UL SRS-RSRP
UE Rx-Tx time difference and gNB Rx-Tx time difference
DL PRS-RSRPP and UL SRS-RSRPP
Up to 8 additional paths for  DL-RSTD/UL-RTOA/UE Rx-Tx time difference/gNB Rx-Tx time difference/DL PRS-RSRPP/UL SRS-RSRPP
Up to 8 UL-AOA values (pair of AOA & ZOA values) per path.

Thus, we should at least evaluate the performance based on the measurements supported in current specifications. Then, we should identify performance gaps to target requirements defined for AI/ML based positioning. 

Cat2 has no specification impacts regarding the AI/ML model training and inference. However, there could be potential signaling and measurement enhancements to facilitate training and inference at one side. According to some academic research, channel impulse response [6], channel phase [7], and channels from massive MIMO [8] can be useful features to serve as the input of AI/ML models. Their simulation and experiment results show good performances that are efficient in both LOS and NLOS conditions.

In the following sections, we provide some initial analysis and evaluation results on how AI/ML based solutions can get good positioning performance in heavy NLOS conditions.
Proposal 1: Focus on the following two categories during the initial evaluation for AI/ML based positioning:
Cat1: AI/ML related training and inference are all conducted at one side of network or UE and is transparent to the other side;
Cat2: AI/ML related training and inference are conducted at one side of network or UE, but requires additional signaling or procedure enhancements between two sides, potentially with existing signaling framework. 
Additional paths
Here in this section we conduct some initial evaluations to investigate whether the current up to 8 additional path timings and path RSRPs (i.e. DL PRS-RSRPP/UL SRS-RSRPP) are enough for AI/ML based positioning or not. The simulation results shown in Figure 2.1-1 and Table 2.1-1 follow the evaluation assumptions discussed in [3]. 
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Figure 2.1-1 CDFs of positioning errors under different number of path timings and RSRPs

	Positioning error (m)
	50%
	67%
	80%
	90%
	95%

	8 path timings + path RSRPs
	0.630
	0.851
	1.091
	1.379
	1.681

	16 path timings + path RSRPs
	0.462
	0.608
	0.791
	0.984
	1.191

	32 path timings + path RSRPs
	0.298
	0.405
	0.509
	0.634
	0.786

	64 path timings + path RSRPs
	0.243
	0.320
	0.405
	0.508
	0.622

	128 path timings + path RSRPs
	0.206
	0.275
	0.349
	0.446
	0.531

	256 path timings + path RSRPs
	0.190
	0.251
	0.329
	0.424
	0.520


Table 2.1-1 Positioning errors at some percentiles under different number of path timings and RSRPs

Observation 1: With the increase in number of paths, the AI/ML based positioning method can have excellent performances even in heavy NLOS conditions.
Proposal 2: Study and evaluate whether the specification needs to support UE/gNB to report more than 8 additional path timings and path RSRPs for AI/ML based positioning.
Phase of channel impulse response
Current specifications support UE/gNB to report path timings and path RSRPs to LMF. According to some research, path phases for both first arrival path and additional paths can also bring additional information for AI/ML models. Here in this section we conduct some initial evaluations shown in Figure 2.2-1 and Table 2.2-1 to investigate this case.
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Figure 2.2-1 CDFs of positioning errors under different number of path timings/RSRPs/phases

	Positioning error (m)
	50%
	67%
	80%
	90%
	95%

	32 path timings + path RSRPs
	0.298
	0.405
	0.509
	0.634
	0.786

	32 path timings + path RSRPs+ path phases
	0.290
	0.390
	0.497
	0.635
	0.794

	64 path timings + path RSRPs
	0.243
	0.320
	0.405
	0.508
	0.622

	64 path timings + path RSRPs+ path phases
	0.183
	0.245
	0.314
	0.421
	0.525

	128 path timings + path RSRPs
	0.206
	0.275
	0.349
	0.446
	0.531

	128 path timings + path RSRPs+ path phases
	0.126
	0.164
	0.212
	0.278
	0.335


Table 2.2-1 Positioning errors at some percentiles under different number of path timings/RSRPs/phases

Observation 2: Evaluation results show that the utilization of path phases can obviously improve the performance for AI/ML based positioning in some cases.
Proposal 3: Study and evaluate whether UE/gNB should report path phases for AI/ML based positioning.
Multi-port PRS
As we know, positioning reference signals (both DL-PRS and UL-SRS) only support single port. However, nowadays, massive MIMO is widely deployed to increase spatial diversity. According to some research, additional measurements from massive MIMO can bring more information for AI/ML models. Here in this section we conduct some initial evaluations shown in Figure 2.3-1 and Table 2.3-1 to investigate this case.
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Figure 2.3-1 CDFs of positioning errors for multi-port PRS

	Positioning error (m)
	50%
	67%
	80%
	90%
	95%

	1-port PRS
	0.346
	0.461
	0.576
	0.714
	0.879

	2-port PRS
	0.298
	0.384
	0.471
	0.606
	0.743

	4-port PRS
	0.241
	0.325
	0.398
	0.522
	0.666


Table 2.3-1 Positioning errors at some percentiles for multi-port PRS

Observation 3: Evaluation results show that performance of AI/ML based positioning can be visibly improved with increased measurements from multi-port PRS.

Proposal 4: Study and evaluate whether to support multi-port PRS to improve performance of AI/ML based positioning.
Conclusions

Proposal 1: Focus on the following two categories during the initial evaluation for AI/ML based positioning,
Cat1: AI/ML related training and inference are all conducted at one side of network or UE and is transparent to the other side

Cat2: AI/ML related training and inference are conducted at one side of network or UE, but requires additional signaling or procedure enhancements between two sides, potentially with existing signaling framework. 
Observation 1: With the increase in number of paths, the AI/ML based positioning method can have excellent performances even in heavy NLOS conditions.
Proposal 2: Study and evaluate whether the specification needs to support UE/gNB to report more than 8 additional path timings and path RSRPs for AI/ML based positioning.
Observation 2: Evaluation results show that the utilization of path phases can obviously improve the performance for AI/ML based positioning in some cases.
Proposal 3: Study and evaluate whether UE/gNB should report path phases for AI/ML based positioning.
Observation 3: Evaluation results show that the performance of AI/ML based positioning can be visibly improved with increased measurements from multi-port PRS.

Proposal 4: Study and evaluate whether to support multi-port PRS to improve performance of AI/ML based positioning.
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