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Introduction
In the last RAN1#116-bis meeting, companies discussed various issues and requirements based on the type of model input/output, its timing and phase measurement associated with it for both Direct and AI/ML assisted positioning.
In RAN#102 Meeting the following have been identified as the objectives for Study Item or Core part WI or Testing part WI for Positioning accuracy enhancement using AI/ML:
	Provide specification support for the following aspects:
· AI/ML general framework for one-sided AI/ML models within the realm of what has been studied in the FS_NR_AIML_Air project [RAN2]:
· Signalling and protocol aspects of Life Cycle Management (LCM) enabling functionality and model (if justified) selection, activation, deactivation, switching, fallback
· Identification related signalling is part of the above objective 
· Necessary signalling/mechanism(s) for LCM to facilitate model training, inference, performance monitoring, data collection (except for the purpose of CN/OAM/OTT collection of UE-sided model training data) for both UE-sided and NW-sided models
· Signalling mechanism of applicable functionalities/models

· Beam management - DL Tx beam prediction for both UE-sided model and NW-sided model, encompassing [RAN1/RAN2]:
· Spatial-domain DL Tx beam prediction for Set A of beams based on measurement results of Set B of beams (“BM-Case1”)
· Temporal DL Tx beam prediction for Set A of beams based on the historic measurement results of Set B of beams (“BM-Case2”)
· Specify necessary signalling/mechanism(s) to facilitate LCM operations specific to the Beam Management use cases, if any
· Enabling method(s) to ensure consistency between training and inference regarding NW-side additional conditions (if identified) for inference at UE 
NOTE: Strive for common framework design to support both BM-Case1 and BM-Case2



This contribution discusses timing information representation for Case 3b, procedure and feasibility for agreed option A and option B to generate information of ground truth labels for Case 1 and identification of model monitoring entity for Case 3b. 
Discussions
Timing Information Representation
In R1-2403052 from RAN1#116-bis meeting, based on discussions from RAN1#116, we shared our opinions about model input timing representation for AI/ ML assisted positioning (Case 2a, Case 3a) and NgRAN assisted, LMF side model for direct AI/ML positioning (Case 3b).
In AI/ML assisted positioning (Case 2a and Case 3a), the model generates intermediate or enhanced channel measurements such as LOS/NLOS indicator, timing and/or angle of measurements or likelihood of measurement based on the input channel measurements (CIR/PDP/DP). These intermediate measurements are then used by LMF along with timing information for implementing NR RAT dependent or independent positioning method by LMF to derive the location of UE. 
In Case 2a, UE assisted/ LMF based, UE side model, UE does the DL PRS measurements from different gNBs/TRPs. 
Similarly, in Case 3a, NgRAN assisted, gNB side model, gNBs does the channel measurements using UL SRS from UE.  
Legacy UL-RTOA format or gNB Rx- Tx time difference can be used to represent timing information for Case 3a.  
For downlink measurements, as discussed, in Case 2a, legacy positioning measurement atleast DL-RSTD or UE Rx-Tx time difference can be used for reporting timings along with model ouput to LMF. However, there are few concerns associated with DL-RSTD based measurement reporting as it is based on a reference TRP which may not be same incase of training and inference scenarios and also the measurement method requires tight synchronization among the gNBs. Hence, we prefer to use UE Rx-Tx time difference to report timing information for Case 2a.
For direct AI/ML positioning, NgRAN assisted LMF side model (Case 3b), gNB does the channel measurement using UL-SRS from the UE.  The gnB should also calculates the time of arrival of RS from UEs considering the associated propagation delays.  The reported input timings need to be represented relative to a reference time inorder to maintain consistency between collected training data and inference. UL-RTOA reference time (as defined in TS 38.215) can be used to represent the input timing information of the AI/ML model. 
UL-RTOA is defined in TS 38.215 as,
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Proposal 1:  UL RTOA reference time to report timing information for Case 3b.
Proposal 2: UE Rx-Tx time difference is preferred to report timing information for Case 2a.
During the RAN1#116-bis meeting, it has been agreed to represent the model input timing measurements relative to UL-RTOA based reference time for Case 3b. Additionally, the feasibility of employing multi-RTT for Case 3b requires further discussion.

	Agreement
· For AI/ML based positioning Case 3b, for gNB channel measurements reported to LMF, the timing information is represented relative to the existing UL RTOA reference time T0+tSRS as defined in TS 38.215. 
· FFS: whether it is applicable when Case 3b is used to support multi-RTT 
Conclusion
· It is out of RAN1 scope to decide whether/how synthetic data (i.e., not direct physical data) and related entities are used in AI/ML based positioning. In RAN1 discussion, data (e.g., measurement data, label data) refer to physical data, not synthetic data.



 m-RTT method, in general, calculates both UE Rx-Tx time difference and gNB Rx-Tx time difference measured by UE and gNB respectively. As such, the propagation delay involved are captured as the average of both the measured time differences (UE Rx-Tx and gNB Rx-Tx time difference) and compensated either at gNB or UE side. Since the method requires interaction from both UE and gNB, latency constraint associated with time reporting needs to be considered. Additionally, as time difference is measured twice, once at the gNB and once at the UE, the increased resource utilization from uplink (UL-SRS) and downlink (DL-PRS) reference signal transmissions should also be considered.
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However, the advantage of using multi-RTT for timing representation is that this method is robust against network’s time synchronization errors (among the gNBs). 
gNB Rx-Tx is defined in TS 38.215 as,
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UE Rx-Tx is defined in TS 38.215 as,
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Observation 1: Resource utilization is more in m-RTT but lesser error due to synchronization among gNBs/TRPs. 
Proposal 3: m-RTT can be supported by Case 3b, taking into account of  the latency constraints and resource utilization by RS.
2.2  Sample vs Path based reporting
During the study item phase, most of the results submitted by companies were related to time domain sample-based channel measurements where the samples are collected at a fixed rate.
The path-based measurement as defined, is based on the detected channel paths from the raw channel, which is itself challenging to estimate the actual paths in real deployment scenario. Although in path-based method of measuring channel, the reporting overhead will be reduced but the positioning accuracy in path-based report will be affected due to loss of channel information whereas in sample-based channel measurement depending on the sampling rate, samples are collected across constant interval of sampling time hence carrying redundant channel information. 
Additionally, the performance of the Path based method of detecting channel paths will also depend on the path detection algorithm. Different path detection algorithm (e.g., based on strongest power etc) will have different AI/ML model performance depending on how accurately it can capture the channel.
The following proposal have been left without being agreed from the last RAN1#116-bis meeting,
	Proposal 2.1.6
In Rel-19 AI/ML based positioning, regarding the time domain channel measurements, RAN1 investigate the impact of ambiguity of path-based or sample-based measurement on accuracy performance and make a decision to support path-based or sample-based measurement by RAN1#117 meeting:
· The following definition is used for ambiguity:
· Ambiguity is defined as inconsistency between measurement reported during training (data collection) and reported during inference.
· Ambiguity exists if different measurement entity implementation generates substantially different measurement report, while observing the same channel 
· If there is ambiguity in the definition of path-based measurement, how to remove/minimize the ambiguity if needed.
· If there is ambiguity in the definition of sample-based measurement, how to remove/minimize the ambiguity if needed.




Proposal 4: Time domain sample-based measurement reporting is preferred.
Proposal 5: For LMF side model, where reporting overhead and availability of accurate channel measurement is of concern, due to different model training entity and data generation/collection entity, truncated sample-based method is preferred. 
Proposal 6: The way of defining reference time for sample based (considering the timing offset) and path-based method of measurement report should be considered and defined.
Proposal 7: For path-based method of channel measurements reporting, a common algorithm to measure paths from the raw channel and granularity for path detection should be defined.
2.3 Identification of Model performance monitoring metric calculating entity
	         Agreement
          For training data generation of AI/ML based positioning Case 3a, the label and its related data (e.g., time     stamp) can be generated by at least:
· LMF 
       Note: transfer of label and its related data is out of RAN1 scope. 
Note: whether other network entities can generate label for Case 3a is out of RAN1 scope. 
Agreement
For AI/ML positioning Case 3a, for model performance monitoring metric calculation in label-based model monitoring, study the feasibility of the following options. To provide information on how to generate information on ground truth label for each option.
· Option A.	NG-RAN node performs monitoring metric calculation for its own model.
· Option B.	LMF performs monitoring metric calculation for the model located at the NG-RAN node.
· Note: Final selection of Option A and Option B is out of RAN1 scope, but RAN1 can make recommendation about the option(s), and potential support of Option A and/or Option B is pending RAN3 confirmation.
· Note: Exact method to perform the monitoring metric calculation is up to implementation.




Monitoring metric for a model is the mathematical formulation that can determine or quantify the performance of the model and take model management decision accordingly.
In Case 3a, NgRAN assisted, gNB side model, for AI/ML assisted positioning, as agreed in RAN1#116-bis, gNB/TRP does the channel measurements and its related generation of data using UL- SRS from UEs. The model output for AI/ML assisted positioning are enhancement of input channel measurements such as LOS/NLOS indicator, likelihood of measurements or timing/angle information of the measurements. For monitoring the AI/ML model, either model output or model input is being monitored depending on the implementation.
If model monitoring is label based, LMF should calculate the monitoring metric since the LMF has a wider view of the scenario and  can calculate the estimated ground truth labels.
If monitoring is label free, gNB is preferred to calculate the monitoring metric in order to reduce the reporting overhead. However, LMF can provide all the necessary assistance information for monitoring and perform model management. 
	Model monitoring method
	Measurement generating entity
	 Ground truth label generation entity
	 Monitoring Metric calculating entity

	Label free
	gNB/TRP
	 N/A
	  gNB/TRP

	Label based
	gNB/TRP
	LMF
	   LMF

	
	
	gNB/TRP
	gNB using assistance from LMF



Proposal 8: How LMF generates the ground truth labels using model output for AI/ML assisted positioning should be discussed.
Proposal 9: For label free monitoring for Case 3a, gNB/TRP is preferred to perform the model monitoring metric calculation.
Proposal 10: For label-based monitoring for Case 3a, LMF is preferred to perform the model monitoring metric calculation.
	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. 
i. 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 (e.g., target UE, OTT server). 
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.
b. 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. 
c. 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.



In Case 1, UE based, UE side model for Direct AI/ML positioning, UE/PRU does the channel measurements using DL-PRS from gNBs.  
	Option A
	Monitoring metric calculating entity
	Methods
	Procedure to transfer measurements /Ground truth labels to monitoring metric calculating entity 

	




A-1




	











UE
	



Atleast Information on Ground truth label is generated by LMF and sent to target UE


	LMF can generate information on Ground truth labels if:
1. LMF can generate ground truth labels, when PRU locations are known to LMF.
2. LMF uses legacy methods to calculate the estimated position of UE and related information using the inference channel measurements from UE/PRU.
3. LMF gets measurements from gNB  so that LMF can derive information.
4. If PRU sends its inference measurements and labels to target UE via LMF.
Information can be either related to RS config, Cell Id etc. that can provide assistance for UE (via LPP) to monitor the model based on the labels. 

	

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.
	
UE can request for assistance data to LMF using nr-PosCalcAssistanceRequest defined in Rel-18, that includes information related to TRP location info, DL-PRS BeamInfo, nr-DL-PRS-Expected-LOS-NLOS-Assistance, Inter-TRP synchronization error, TRP location error etc [TS 37.355].
 

	                          

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.
	

	                          

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 
	
PRU does the channel measurements using RS from gNB/TRPs, calculates GT labels and transfer it to OTT server. UE gets the inference measurements directly from the OTT server and gets model output based on the collected inference measurements.



Proposal 11: Reuse Rel-18, assistance data transfer framework from LMF to the target UE, when LMF has the knowledge of measurements and Ground Truth labels either from PRU or target UE or gNB.
	Option B
	Monitoring metric calculating entity
	Channel Measuring entity
	Procedure to transfer measurements /Ground truth labels to monitoring metric calculating entity 
	
                       Reqirements

	
B-1
	
        
      

       
       LMF
	  
UE

	
Inference output corresponding to UE’s channel measurement are sent to LMF by target UE.
	
LMF may need monitoring assistance from gNB or UE for calculating monitoring metric and taking related decisions.

	


B-2
	
	


 PRU
	
Inference output corresponding to PRU’s channel measurement are sent to target UE via LMF.
	
To obtain the model’s inference output for monitoring, the input channel measurement needs to pass through multiple entities (from PRU to LMF, LMF to UE).
Since measurements are transferred via LMF, LMF will have knowledge of inference channel measurement along with the corresponding model output. 
Hence it can also take decisions based on changes in input measurements as well as model output.















Conclusion
Proposal 1:  UL RTOA reference time to report timing information for Case 3b.
Proposal 2: UE Rx-Tx time difference is preferred to report timing information for Case 2a.
Observation 1: Resource utilization is more in m-RTT but lesser error due to synchronization among gNBs/TRPs. 
Proposal 3: m-RTT can be supported by Case 3b, considering the latency constraints and more resource utilization by RS.
Proposal 4: Time domain sample-based measurement reporting is preferred.
Proposal 5: For LMF side model, where reporting overhead and availability of accurate channel measurement is of concern, since model training entity and data generation/collection entity are different, truncated sample-based method is preferred. 
Proposal 6: The way of defining reference time for sample based (considering the timing offset) and path-based method of measurement report should be considered and defined.
Proposal 7: For path-based method of channel measurements reporting, a common algorithm to measure paths from the raw channel and granularity for path detection should be defined.
Proposal 8: How LMF generates the ground truth labels using model output for AI/ML assisted positioning should be discussed.
Proposal 9: For label free monitoring for Case 3a, gNB/TRP is preferred to perform the model monitoring metric calculation.
Proposal 10: For label-based monitoring for Case 3a, LMF is preferred to perform the model monitoring metric calculation.
Proposal 11: Reuse Rel-18, assistance data transfer framework from LMF to the target UE, when LMF has the knowledge of measurements and Ground Truth labels either from PRU or target UE or gNB.
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Definition

[The UL Relative Time of Arrival (Tu_sroa) is the beginning of subframe 7 containing SRS received
in Reception Point (RP) [18]  relative to the RTOA Reference Time [16].

The UL RTOA reference time is defined as T, + tsgs, where
- T, is the nominal beginning time of SFN 0 provided by SFN Initialization Time [15, TS
38.455)
- tops = (10n;+ ngg) X 10, where n and ny; are the system frame number and the
subframe number of the SRS, respectively.

Multiple SRS resources can be used to determine the beginning of one subframe containing
SRS received at a RP.

The reference point for TuL.&roa shall be:
- fortype 1-C base station TS 38.104 [9]: the Rx antenna connector,
- for type 1-O or 2-O base station TS 38.104 [9]: the Rx antenna (.e. the centre location of
the radiating region of the Rx antenna),

-_for type 1-H base station TS 38.104 [9]: the Rx Transceiver Array Boundary connector.
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[Where:

I Toua IS the Transmission and Reception Paint (TRP) [18] received timing of uplink subframe #1
|chniaining SRS assodiated with UE, defned by the first detected path in ime.

I Toua IS the TRP transmit timing of downlink subframe # thatis closest in time to the subframe.
|4 received from the UE.

IMultple SRS resources can be usedto determine the start of one subframe contairing SRS.

[The reference pointfor T,a.; shall be:
- fortype 1-C base Station TS 38.104 [9]: the Rx antenna connecbr,
- fortype 1-0 or 2.0 base station TS 38.104 [9]. e Rx antenna (.. the centre location of
the radiating region of the Rx antenna),
- fortype 1-H base station TS 38.104 [9] the Rx Transceiver Array Boundary connecir.
[The reference pointfor T, shall be:
- fortype 1-C base Stafion TS 38.104 [9]: the Tx antenna connector,
- fortype 1-0 or 2.0 base station TS 38.104 [9]. the Tx antennia (L. the centre locaton of
the radiating region of the T antenna),
- fortype 1-H base station TS 38.104 [9] the Tx Transceiver Array Boundary connector.

InNTN, the gNB Rx — T time difierence at the upiink ime synchronization reference point 5] is
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IWhere:
I Tuc w5 the UE received timing of downiink subframe #i from a Transmission Point (TP) [18},
|defined by the first detected path in time.

IT.c. IS the UE transmit iming of uplink subframe # thatis closestin time 1o the subframe #
received from the TP.

IMultiple DL PRS or CSI-RS for tracking resources, as instructed by higher layers, can be used to
|determine the start of one subframe of the first arival path of the TP.

|For frequency range 1, the reference point for T,z «, measurement shall be the Rx antenna
lconnecor of the UE and the reference point for T, meastrement shal be the Tx antenna
lconnecor of the UE. For frequency range 2, the feference point for T« measurement shall be.
e Rx antennaof the UE and the reference point for Teel- measurement shal be the Tx antennal
lof the UE.
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