3GPP TSG RAN WG1 #111		R1-2211128
Toulouse, France, November 14th – 18th, 2022

Agenda Item:	9.2.4.1
Source:	Google
Title:	On Enhancement of AI/ML based Positioning
Document for:	Discussion/Decision
Introduction
In RAN1 #110b, the following agreements on evaluation of AI/ML based positioning have been achieved.
	Agreement
To investigate the model generalization capability, the following aspect is also considered for the evaluation of AI/ML based positioning:
(e) InF scenarios, e.g., training dataset from one InF scenario (e.g., InF-DH), test dataset from a different InF scenario (e.g., InF-HH)

Agreement
For both direct AI/ML positioning and AI/ML assisted positioning, if fine-tuning is not evaluated, the template agreed in RAN1#110 is updated to the following for reporting the evaluation results.
Table X. Evaluation results for AI/ML model deployed on [UE or network]-side, [short model description] 
	Model input
	Model output
	Label
	Settings (e.g., drops, clutter param, mix)
	Dataset size
	AI/ML complexity
	Horizontal pos. accuracy at CDF=90% (m)

	
	
	
	Train
	Test
	Train
	test
	Model complexity
	Computation complexity
	AI/ML

	
	
	
	
	
	
	
	
	
	




Agreement
For both direct AI/ML positioning and AI/ML assisted positioning, if fine-tuning is evaluated, the template agreed in RAN1#110 is updated to the following for reporting the evaluation results.
Table X. Evaluation results for AI/ML model deployed on [UE or network]-side, [short model description] 
	Model input
	Model output
	Label
	Settings (e.g., drops, clutter param, mix)
	Dataset size
	AI/ML complexity
	Horizontal pos. accuracy at CDF=90% (m)

	
	
	
	Train
	Fine-tune
	Test
	Train
	Fine-tune
	test
	Model complexity
	Computation complexity
	AI/ML

	
	
	
	
	
	
	
	
	
	
	
	



Agreement
For AI/ML-assisted positioning, companies report which construction is applied in their evaluation:
(a) Single-TRP construction: the input of the ML model is the channel measurement between the target UE and a single TRP, and the output of the ML model is for the same pair of UE and TRP. 
(b) Multi-TRP construction: the input of the ML model contains N sets of channel measurements between the target UE and N (N>1) TRPs, and the output of the ML model contains N sets of values, one for each of the N TRPs.
Note: For a measurement (e.g., RSTD) which is a relative value between a given TRP and a reference TRP, the TRP in “single-TRP” and “multi-TRP” refers to the given TRP only. 
Note: For single-TRP construction, companies report whether they consider same model for all TRPs or N different models for TRPs

Conclusion
For evaluation of AI/ML based positioning, suspend the discussion on intra-site (or zone-specific) variations until concepts and channel model construction not in TR38.901 (e.g., “intra-site” or “zone”) are clarified under AI 9.2.1.
· Note: An individual company can still submit evaluation results for intra-site variation.


Conclusion
For evaluation of AI/ML based positioning, the sampling period is selected by proponent companies. Each company report the sampling period used in their evaluation. 


Agreement
For evaluation of AI/ML assisted positioning, the following intermediate performance metrics are used:
· LOS classification accuracy, if the model output includes LOS/NLOS indicator of hard values, where the LOS/NLOS indicator is generated for a link between UE and TRP;
· Timing estimation accuracy (expressed in meters), if the model output includes timing estimation (e.g., ToA, RSTD).
· Angle estimation accuracy (in degrees), if the model output includes angle estimation (e.g., AoA, AoD).
· Companies provide info on how LOS classification accuracy and timing/angle estimation accuracy are estimated, if the ML output is a soft value that represents a probability distribution (e.g., probability of LOS, probability of timing, probability of angle, mean and variance of timing/angle, etc.)


Conclusion
For evaluation of AI/ML based positioning, it’s up to each company to take into account the channel estimation error in their evaluation. Companies describe the details of their simulation assumption, e.g., realistic or ideal channel estimation, error models, receiver algorithms.


Agreement
For AI/ML assisted positioning, when single-TRP construction is used for the AI/ML model, companies report at least the AI/ML complexity (Model complexity, Computation complexity) for N TRPs, which are used to determine the position of a target UE.
Table. Model complexity and computation complexity to support N TRPs for a target UE
	
	Model complexity to support N TRPs
	Computation complexity to process N TRPs

	Single-TRP, same model for N TRPs
	
When the model is at UE-side, where  is the model complexity for the same model.
FFS: if the model is at network-side
	
Where  is the computation complexity of the same model for one TRP.

	Single-TRP, N models for N TRPs
	When the model is at UE-side,

Where  is the model complexity for the i-th AI/ML model.
FFS: if the model is at network-side
	
Where  is the computation complexity for the i-th AI/ML model.

	Multi-TRP (i.e., one model for N TRPs)
	
Where  is the model complexity for the one model.
	
Where  is the computation complexity for the one model.




Agreement
For AI/ML based positioning, if an InF scenario different from InF-DH is evaluated for the model generalization capability, the selected parameters (e.g., clutter parameters) are compliant with TR 38.901 Table 7.2-4 (Evaluation parameters for InF).
· Note: In TR 38.857 Table 6.1-1 (Parameters common to InF scenarios), InF-SH scenario uses the clutter parameter {20%, 2m, 10m} which is compliant with TR 38.901.

Agreement
For the model input used in evalutions of AI/ML based positioning, if time-domain channel impulse response (CIR) or power delay profile (PDP) is used as model input in the evaluation, companies report the input dimension NTRP * Nport * Nt, where NTRP is the number of TRPs, Nport is the number of transmit/receive antenna port pairs, Nt is the number of time domain samples. 
· Note: CIR and PDP may have different dimensions. 
· Note: Companies provide details on their assumption on how PDP is constructed and how (if applicable) it is mapped to Nt samples.





In this contribution, we provide some discussion on evaluation of AI/ML based positioning.
Discussion
In RAN1 #110b, the following agreement on the input of ML based positioning was achieved.
	Agreement
For the model input used in evalutions of AI/ML based positioning, if time-domain channel impulse response (CIR) or power delay profile (PDP) is used as model input in the evaluation, companies report the input dimension NTRP * Nport * Nt, where NTRP is the number of TRPs, Nport is the number of transmit/receive antenna port pairs, Nt is the number of time domain samples. 
· Note: CIR and PDP may have different dimensions. 
· Note: Companies provide details on their assumption on how PDP is constructed and how (if applicable) it is mapped to Nt samples.




For the CIR and PDP based model input, it is agreed that companies should report the input dimension. Regarding the evaluation, different sample selection scheme may result in different performance. We recommend studying the following sample selection schemes:
· Scheme 1: The samples with top Nt powers are selected
· Scheme 2: The first Nt samples are selected
In addition, another aspect is impact from different quantization schemes for the CIR/PDP. The CIR/PDP may be quantized based on several DFT bases or DCT bases. Usually, DCT based approach could provide a better performance with regard to the quantization error and report overhead. It is necessary to study the quantization impact on the CIR/PDP based on DFT bases and DCT bases.
In addition, with regard to possible channel estimation errors for the CIRs/PDPs, the L1-SINR for each CIR/PDP can be considered as part of the input. Then the CIR/PDP with a better L1-SINR may be prioritized in the AI/ML, so that the CIR/PDP with more channel estimation error can be deprioritized, and the impact from channel estimation error can be reduced.

Proposal 1: For CIR/PDP based model input, study at least the following options for sample selection 
· Option 1: The samples with top Nt powers are selected
· Option 2: The first Nt samples are selected
Proposal 2: For CIR/PDP based model input, study at least the following options for CIR/PDP quantization:
· Option 1: The CIR/PDP is quantized based on several DFT bases
· Option 2: The CIR/PDP is quantized based on several DCT bases
Proposal 3: Study to use L1-SINR from each cell in addition to the CIR/PDP as the input to reflect the potential channel estimation accuracy for the CIR/PDP.
Conclusion
In this contribution, we provided discussion on evaluation of AI/ML based positioning. Based on the discussion, the following proposals have been achieved.
Proposal 1: For CIR/PDP based model input, study at least the following options for sample selection 
· Option 1: The samples with top Nt powers are selected
· Option 2: The first Nt samples are selected
Proposal 2: For CIR/PDP based model input, study at least the following options for CIR/PDP quantization:
· Option 1: The CIR/PDP is quantized based on several DFT bases
· Option 2: The CIR/PDP is quantized based on several DCT bases
Proposal 3: Study to use L1-SINR from each cell in addition to the CIR/PDP as the input to reflect the potential channel estimation accuracy for the CIR/PDP.
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