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Introduction
In RAN#102 meeting, a new Rel-19 work item on AI/ML for NR air interface [1] has the following objectives to provide specification support for positioning accuracy enhancements. 
	· Positioning accuracy enhancements, encompassing [RAN1/RAN2/RAN3]:
· Direct AI/ML positioning:
· (1st priority) Case 1: UE-based positioning with UE-side model, direct AI/ML positioning
· (2nd priority) Case 2b: UE-assisted/LMF-based positioning with LMF-side model, direct AI/ML positioning
· (1st priority) Case 3b: NG-RAN node assisted positioning with LMF-side model, direct AI/ML positioning
· AI/ML assisted positioning 		 
· (2nd priority) Case 2a: UE-assisted/LMF-based positioning with UE-side model, AI/ML assisted positioning	
· (1st priority) Case 3a: NG-RAN node assisted positioning with gNB-side model, AI/ML assisted positioning
· Specify necessary measurements, signalling/mechanism(s) to facilitate LCM operations specific to the Positioning accuracy enhancements use cases, if any
· Investigate and specify the necessary signalling of necessary measurement enhancements (if any)
· Enabling method(s) to ensure consistency between training and inference regarding NW-side additional conditions (if identified) for inference at UE for relevant positioning sub use cases


In this contribution, we discuss specification support for positioning accuracy enhancements.
[bookmark: OLE_LINK1]Discussions
Model input
Phase information for model input
In RAN1#116 meeting, phase information for model input was discussed and following agreement was made [2].
	Agreement
For AI/ML based positioning for all use cases, RAN1 investigate the necessity and feasibility of using phase information (in addition to timing information and power information) for determining model input. The issues to study include:
· Tradeoff of positioning accuracy and signaling overhead
· The impact of transmitter and receiver implementation
· Specification impact
· Other aspects are not precluded
Note: the phase information may be used in different ways, e.g., one phase value for the first path or first sample only; triplet of {timing information, power information, phase information} for CIR, etc.



In our understanding, there are mainly two ways to report phase information of the channel: One is (a) phase information for each sample/path (e.g. including CIR), and the other one is (b) phase information for single sample/path (e.g. First phase information such as Rel-18 phase measurement). 
For (b), single phase information is randomized in a real environment. Thus, the single phase information may no longer be beneficial for AI/ML based positioning. Moreover, phase information for first sample/path is not evaluated in the Rel-18 study phase.
For (a), the evaluation results for CIR in TR 38.843[3] shows improvement of positioning accuracy, especially in AI/ML-assisted positioning. 
Therefore, RAN1 should not focus on the phase information only for the first sample/path.
Observation 1: The single phase information may no longer be beneficial for AI/ML based positioning.
Proposal 1: For AI/ML based positioning, CIR is supported for model input.
Sample-based vs path-based measurement for model input
In RAN1#116 meeting, it was agreed that RAN1 investigate sample-based and path-based measurement[2].
	Agreement
In Rel-19 AI/ML based positioning, regarding the time domain channel measurements, RAN1 investigate the following alternatives:
· Alternative (a).  Sample-based measurements, where the timing information is an integer multiple of sampling periods. 
· Alternative (b).  Path-based measurements, where the timing information is according to the detected path timing and may not be an integer multiple of sampling periods.
The issues to be studied include, but not limited to, the following:
· Tradeoff of positioning accuracy and signaling overhead
· Impact and necessary details of gNB/UE implementation to obtain the channel measurement values. 
· Whether the same Alternative(s) applies to all cases or not
· Applicability and necessity of specifying the Alternative(s) to different cases
· Note: different sub-cases may have different issues. 
Note: In addition to timing information, the components for the channel measurement for model input may also include power and potentially phase. To provide the type of the channel measurement in their investigation.




In this contribution, we analyse the advantages and disadvantages of sample-based measurement and path-based measurement for model input. 
Firstly, we should make a clear definition of sample-based and path-based measurement. According to the agreement reached in RAN1#116 meeting, the timing information of sample-based measurement is an integer multiple of sampling periods (i.e. on-grid). The timing information of path-based measurement is according to the detected path timing and may not be an integer multiple of sampling periods (i.e. off-grid). Based on our understanding of the definition of the agreement, for example, sub-sample measurements within same periodicity measurements are also part of the sample-based measurement. On the other hand, for example, the measurements derived by interpolation to detect the paths are part of path-based measurement. 
Although path-based measurement is already supported in legacy positioning measurement such as RSRPP, method of path detection is up to UE implementation. Thus, even if some devises observe same channel, measured value may be different depending on device implementation in path-based method. This issue can make inconsistency between dataset of training and inference.
For sample-based measurement, reporting overhead may be large compared to path-based measurement, but it is not a concern for case 3b. If reporting overhead is too large in case 2b, sub-sampling can be used to reduce the signalling overhead. Sub-sampling does not have ambiguous issue such as path-based measurement if specification defines how to select the reporting (e.g. strongest  sub-samples).
Therefore, we support sample-based measurement for model input.
Observation 2: For path-based measurement, since how to detect path is up to UE implementation, model training on LMF side may require additional generalization.
Observation 3: For sample-based measurement, although it incurs a larger signaling overhead compared to path-based measurement, it is not a concern for case 3b.
Proposal 2: For Rel-19 AI/ML-based positioning, sample-based measurement is supported for model input.
Regarding the sample-based measurement, multiple-tap measurement report of the existing specification is appropriate for path-based measurement reports but not for sample-based measurement because each time domain sample of sample-based measurement have equally spaced timing. Timing information of sample-based measurement should be indicated with a suitable format such as a sampling periodicity and an associated bitmap with respective power value. This approach is better suited for representing the timing information in sample-based measurements although there is no such measurement report format in existing specification. Therefore, to support sample-based measurement, new IE should be introduced for at least case 3b for NRPPa.
Proposal 3: If sample-based measurement is supported, new IE is supported for case 3b for NRPPa such as a sampling periodicity and bitmap.
Model output for AI/ML assisted positioning
In RAN1#116 meeting, for AI/ML positioning case 2a and case 3a, at least LOS/NLOS indicator and/or timing information (UL-RTOA and gNB Rx-Tx Time Difference for uplink, and DL-RSTD and UE Rx-Tx Time Difference for downlink) are supported for reporting[2]. 
	Agreement
For AI/ML assisted positioning Case 3a, at least LOS/NLOS indicator and/or timing information are supported for reporting. 
· If LOS/NLOS indicator is reported, the indicator can be reported as soft indicator or hard indicator as defined in 38.214.
· If timing information is reported, the timing information at least can be reported via UL RTOA or gNB Rx-Tx time difference as defined in 38.215.
· Note: details of the report are pending further discussion.
Agreement
For AI/ML assisted positioning Case 2a, at least LOS/NLOS indicator and/or timing information are supported for reporting. 
· If LOS/NLOS indicator is reported, the indicator can be reported as soft indicator or hard indicator as defined in 38.214.
· If timing information is reported, the timing information at least can be reported via DL RSTD or UE Rx-Tx time difference as defined in 38.215.
· Note: details of the report are pending further discussion.




In the legacy positioning, the LOS/NLOS indicator is not reported alone; it is always associated with the timing information as specified in TS 38.214.
	TS 38.214 
5.1.6.5 PRS reception procedure
…
The UE may be requested, subject to UE capability, to report LoS/NLoS indicator(s) via higher layer parameter nr-los-nlos-IndicatorRequest. The UE can report LoS/NLoS indicator(s) via higher layer parameter nr-los-nlos-Indicator associated with each DL RSTD, DL PRS-RSRP, DL PRS-RSRPP, and UE Rx-Tx time difference measurements. The UE can report LoS/NLoS indicator(s) via higher layer parameter nr-los-nlos-Indicator associated with each dl-PRS-ID in a measurement report. For the LoS/NLoS indicator(s) associated with DL RSTD, the UE may report one indicator associated with the dl-PRS-ID indicated by higher layer parameter dl-PRS-ReferenceInfo and one indicator associated with the dl-PRS-ID of the DL RSTD measurement. A UE may be provided with LoS/NLoS indicator(s) via higher layer parameter nr-los-nlos-Indicator, and it may be associated with each DL PRS resource of each configured dl-PRS-ID or may be associated with each configured dl-PRS-ID. The values of the higher layer parameter LOS-NLOS-Indicator may be soft values (0, 0.1, …, 0.9, 1) or hard values (0, 1) with the values corresponding to the likelihood of LoS, with a value of 1 corresponding to LoS and a value of 0 corresponding to NLoS.



Both LOS/NLOS indicator and timing information derived by AI/ML should not be included in one measurement report because these two measurements must be associated with each other. For example, in case that LOS/NLOS indicator is derived by AI/ML, the model outputs LOS/NLOS indicator which indicates more precise LOS or NLOS state of the path associated with non-AI/ML based timing information. In this time, if the timing information to be reported is also derived by AI/ML, the LOS/NLOS indicator reported by AI/ML may have no meaning. Therefore, RAN1 should consider following cases:
Case 1: LOS/NLOS indicator derived by AI/ML and timing information derived by legacy measurement are reported
Case 2a: Only timing information derived by AI/ML is reported
Case 2b: Timing information derived by AI/ML and optionally associated LOS/NLOS indicator are reported
Observation 4: Both LOS/NLOS indicator and timing information should not derived by AI/ML in one measurement report.
Proposal 4: For Rel-19 AI/ML based positioning, RAN1 supports one or more of following cases regarding LOS/NLOS indicator and timing information to be reported:
Case 1: LOS/NLOS indicator derived by AI/ML and timing information derived by legacy measurement are reported
Case 2a: Only timing information derived by AI/ML is reported
Case 2b: Timing information derived by AI/ML and optionally associated LOS/NLOS indicator are reported
Performance monitoring
Performance monitoring for Case 1
In RAN1#116 bis meeting, the following agreement was made for performance monitoring for AI/ML positioning case-1[4]:
	Agreement
For model performance monitoring of AI/ML positioning Case 1, for model performance monitoring metric calculation in label-based model monitoring, study the feasibility, benefits, and potential specification impact of the following options with regard to how to generate information on ground truth label: 
· Option A. The target UE side performs monitoring metric calculation. 
· Option A-1. At least information on ground truth label of the target UE is generated by LMF and provided to the target UE. 
· In one example, target UE and/or gNB sends measurement (e.g., legacy measurement) to LMF so that LMF can derive the information on ground truth label.
· Option A-2. At least position calculation assistance data (e.g., existing information for UE-based positioning method) is provided from LMF to the target UE.
· Option A-3. Reuse Rel-18 assistance data transfer framework from LMF to the target UE, where the PRU measurement (e.g., legacy measurement) and the corresponding PRU location are sent via LMF to the target UE. 
· Option A-4. PRU measurement (and the corresponding PRU location if not already known at the UE-side) are sent from PRU to the target UE side. 
· Note: Option A-4 can be realized by implementation in a manner transparent to specification if the PRU sends information to the target UE side in a proprietary method.
· Option B. The LMF performs monitoring metric calculation.
· Option B-1. at least inference result (i.e., the model output corresponding to target UE’s channel measurement) of the target UE is sent by the target UE to LMF. 
· Option B-2. PRU’s channel measurement is sent via LMF to the target UE, and the inference result (i.e., the model output corresponding to PRU’s channel measurement) is sent by the target UE to LMF.

Note: exact method to perform the monitoring metric calculation is up to implementation. 
Note: Other options are not precluded.




Based on our understanding, example of sequence diagrams for each option are shown in Fig.1 (Option A) and Fig.2 (Option B):
[image: ]
Figure 1 Option A. The target UE side performs monitoring metric calculation

Figure 2 Option B. The LMF performs monitoring metric calculation.
In our understanding, in order to label-based perform monitoring metric calculation, the calculation node (target UE or LMF) should have at least inference result and corresponding ground truth label. And the accuracy of performance monitoring depends on the ground truth label.
[bookmark: _Hlk166173036]For Option B-1, it is not clear that how LMF obtains ground truth label. Our understanding is that the UE measures DL-PRS, then performs legacy UE-based positioning, then transmit the calculation result via LPP as the ground truth label. In perspective of label generation, for Option A-1, A-2 and B-1, ground truth label is generated based on legacy positioning method performed using measurement made by target UE. Thus, these three options may not be useful in NLOS environment that AI/ML positioning focuses on. Therefore, Option A-3, A-4 and B-2 are more preferable for label-based performance monitoring.
Considering these 3 options, Option A-3 has less specification impact and the quality of measurement and position can be guaranteed by the specification thus we slightly prefer Option A-3, but we can further discuss whether other options are beneficial.
Observation 5: For label-based performance monitoring for AI/ML positioning case-1, Option A-1, A-2 and B-1 may not be useful in NLOS environment that AI/ML positioning focuses on.
Proposal 5: RAN1 to further discuss benefits and potential specification impact for Option A-3, A-4 and B-2.
Conclusion
In this contribution, we have discussed our views on specification support for positioning accuracy enhancement and have the following observations and proposals.
Observation 1: The single phase information may no longer be beneficial for AI/ML based positioning.
Proposal 1: For AI/ML based positioning, CIR is supported for model input.
Observation 2: For path-based measurement, since how to detect path is up to UE implementation, model training on LMF side may require additional generalization.
Observation 3: For sample-based measurement, although it incurs a larger signaling overhead compared to path-based measurement, it is not a concern for case 3b.
Proposal 2: For Rel-19 AI/ML-based positioning, sample-based measurement is supported for model input.
Proposal 3: If sample-based measurement is supported, new IE is supported for case 3b for NRPPa such as a sampling periodicity and bitmap.
Observation 4: Both LOS/NLOS indicator and timing information should not derived by AI/ML in one measurement report.
Proposal 4: For Rel-19 AI/ML based positioning, RAN1 supports one or more of following cases regarding LOS/NLOS indicator and timing information to be reported:
Case 1: LOS/NLOS indicator derived by AI/ML and timing information derived by legacy measurement are reported
Case 2a: Only timing information derived by AI/ML is reported
Case 2b: Timing information derived by AI/ML and optionally associated LOS/NLOS indicator are reported
Observation 5: For label-based performance monitoring for AI/ML positioning case-1, Option A-1, A-2 and B-1 may not be useful in NLOS environment that AI/ML positioning focuses on.
Proposal 5: RAN1 to further discuss benefits and potential specification impact for Option A-3, A-4 and B-2.
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