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Introduction
In 3GPP TSG RAN Meeting #94e meeting, a new SID was approved to study AI/ML technologies over air interface [1].  In addition, RAN1#110 confirmed that both direct AI/ML positioning and AI/ML assisted positioning will be studied [2].  Furthermore, in RAN1#110bis-e, more agreements had been made regarding the general categorizations, model monitoring, model indication and data collection.
	Agreement in RAN1#110b:
· Study and provide inputs on benefit(s) and potential specification impact at least for the following cases of AI/ML based positioning accuracy enhancement
· Case 1: UE-based positioning with UE-side model, direct AI/ML or AI/ML assisted positioning
· Case 2a: UE-assisted/LMF-based positioning with UE-side model, AI/ML assisted positioning
· Case 2b: UE-assisted/LMF-based positioning with LMF-side model, direct AI/ML positioning
· Case 3a: NG-RAN node assisted positioning with gNB-side model, AI/ML assisted positioning
· Case 3b: NG-RAN node assisted positioning with LMF-side model, direct AI/ML positioning
Agreement in RAN1#111:
For AI/ML based positioning accuracy enhancement, direct AI/ML positioning and AI/ML assisted positioning are selected as representative sub-use cases.


In this contribution, we provide our further views to the different cases and potential specification impacts.
Data collection
	Agreement in RAN1#110b:
Regarding data collection for AI/ML model training, to study and provide inputs on potential specification impact at least for the following aspects of AI/ML based positioning accuracy enhancement
· Ground truth label determination (e.g., based on UE/PRU/TRP measurement/report)
· Partial and/or noisy ground truth label
· Signaling for data collection
· Other aspects are not precluded

Agreement in RAN1#111:
Regarding data collection for AI/ML model training for AI/ML based positioning, 
· The following options of entity and mechanisms to generate ground truth label are identified for further study
· For direct AI/ML positioning, ground truth label is UE location
· PRU with known location
· UE generates location based on non-NR and/or NR RAT-dependent positioning methods
· LMF generates UE location based on positioning methods
· LMF with known PRU location
· Note: user data privacy needs to be preserved
· For AI/ML assisted positioning, ground truth label is one or more of the intermediate parameter(s) corresponding to AI/ML model output
· PRU generates label directly or calculates based on measurement/location 
· UE generates label directly or calculates based on measurement/location
· Network entity generates label directly or calculates based on measurement/location
· The following options of entity to generate other training data at least measurement corresponding to model input are identified for further study
· For UE-based with UE-side model (Case 1) and UE-assisted positioning with UE-side (Case 2a) or LMF-side model (Case 2b)
· PRU 
· UE
· For NG-RAN node assisted positioning with Network-side model (Case 3a and Case 3b)
· TRP
· Note: other options of entity to generate other training data are not precluded
· Note: Existing PRU definition is in 38.305

Agreement in RAN1#111:
Regarding data collection for AI/ML model training for AI/ML based positioning, study benefits, feasibility and potential specification impact (including necessity) for the following aspects
· Request/report of training data
· Ground truth label
· Measurement corresponding to model input
· Associated information of ground truth label and/or measurement corresponding to model input
· Assistance signaling and procedure to facilitate generating training data
· Reference signal (e.g., PRS/SRS) configuration(s) and configuration identifier
· Assistance information, e.g., between LMF and UE/PRU, for label calculation/generation, and label validity/quality condition, etc.
· Note1: whether such assistance signaling and procedure can be applied to other aspect(s) of AI/ML model LCM can also be discussed
· Note2: Study may consider different entity to generate training data as well as different types of training data when applicable
· Note3: study considers both of the following cases when applicable
· when the training entity is the same entity to generate training data
· when the training entity is not the same entity to generate training data
Agreement in RAN1#112:
Regarding training data generation for AI/ML based positioning, 
· The following options of entity and mechanisms to generate ground truth label are identified
· At least PRU is identified to generate ground truth label for UE-based positioning with UE-side model (Case 1) and UE-assisted positioning with UE-side model (Case 2a)
· At least LMF with known PRU location is identified to generate ground truth label for UE-assisted/LMF-based positioning with LMF-side model (Case 2b) and NG-RAN node assisted positioning with LMF-side model (Case 3b)
· At least network entity with known PRU location is identified to generate ground truth label for NG-RAN node assisted positioning with gNB-side model (Case 3a)
· FFS whether and if so, applicable conditions and potential specification impact for the following options to generate ground truth label
· UE generates ground truth label based on non-NR and/or NR RAT-dependent positioning methods
· Network entity generates ground truth label based on positioning methods
· The following options of entity to generate other training data (at least measurement corresponding to model input) are identified
· For UE-based with UE-side model (Case 1) and UE-assisted positioning with UE-side (Case 2a) or LMF-side model (Case 2b)
· PRU 
· UE
· For NG-RAN node assisted positioning with Network-side model (Case 3a and Case 3b)
· TRP
· Note: transfer of training data from the entity generating training data to a different entity is not precluded and associated potential specification impact is for further study

Agreement in RAN1#112:
Regarding training data collection for AI/ML based positioning, study benefit(s) and potential specification impact (including necessity) at least for the following aspects
· Associated information of training data
· Quality indicator at least for ground truth label (if needed)
· Other information associated with training data is not precluded. E.g., information related training dataset/samples, information related to scenario, resource configuration & mapping, timing for training data, information on implementation imperfections, etc.
· Assistance signaling and procedure to facilitate generating/collecting training data
· Potential determination of the UE/PRU/TRP which can provide the training data
· Configuration of reference signal (for measurement and/or label) 
· Signaling other than above 2 for data collection
· E.g., requested quality of training data

Working Assumption in RAN1#112bis-e:
Regarding data collection at least for model training for AI/ML based positioning, at least the following information of data with potential specification impact are identified.
· Ground truth label
· At least for model training
· Report from the label data generation entity
· Measurement (corresponding to model input)
· At least for model training
· Report from the measurement data generation entity
· Quality indicator
· For and/or associated with ground truth label and/or measurement at least for model training
· Report from the label and/or the measurement data generation entity and/or as request from a different (e.g., data collection, etc.) entity
· RS configuration(s)
· At least for deriving measurement
· Request from data generation entity (UE/PRU/TRP) to LMF and/or as LMF assistance signaling to UE/PRU/TRP
· Note1: there may not be any enhancements on top of existing RS configuration(s) or any new RS configuration(s) for positioning measurement
· Time stamp
· At least for and/or associated with training data for model training
· Separate time stamp for measurement and ground truth label, when measurement and ground truth label are generated by different entities
· Report from data generation entity together with training data and/or as LMF assistance signaling
· Note2: there may not be any enhancements on top of time stamp in existing positioning measurement report or any new time stamp report for positioning measurement
· FFS other necessary information (e.g., scenario identifier. LOS/NLOS condition, timing error, etc.) for data collection
· Note3: whether the above information can be applied to other aspects of AI/ML LCM (e.g., updating, monitoring, etc.) can also be discussed
· Note4: transfer of data from the entity generating data to a different entity is not precluded from RAN1 perspective

Proposal 1-1-1a:
Regarding ground truth label generation for AI/ML based positioning, the following options of entity to generate ground truth label are identified (in addition to entities from previous agreement)
· UE generates ground truth label when label quality satisfy the requirement
· based on non-NR and/or NR RAT-dependent positioning methods
· At least for UE-based positioning with UE-side model (Case 1) and UE-assisted positioning with UE-side model (Case 2a)
· FFS potential specification impact, e.g., the required label quality, necessary assistance signaling to UE
· Note: user data privacy needs to be preserved
· Network entity generates ground truth label when label quality satisfy the requirement 
· based on positioning methods
· At least for UE-assisted/LMF-based positioning with LMF-side model (Case 2b), NG-RAN node assisted positioning with gNB-side model (Case 3a) and NG-RAN node assisted positioning with LMF-side model (Case 3b)
· FFS potential specification impact, e.g., the required label quality


As approved in above agreements, for different use cases, there could be different entities and different types of measurement/label to collect training data. 
For Case 1 and Case 2a, if model transfer/delivery is not considered for this case, the AI/ML model may be trained and deployed by UE side up to its implementation. Thus, for data collection, UE side is not required to report its measurement/label to network side. Instead, UE side can collect the training data through a specification-transparent way. However, in order to get the measurement and the label, UE should receive some reference signal from TRP side. On-demand PRS configuration defined in Rel-17 may be a good option for UE to request necessary DL PRS configuration for data collection by UE. In addition, assistance/association information to data collection is also discussed in previous meetings, which can be used to define applicable scenarios/configurations of AI/ML models. However, he associated configuration information of DL PRS (e.g., TRP ID, TRP location, carrier frequency etc.) is already defined in TS 37.355, so additional association information is not necessary to be defined.
[bookmark: _Toc12799]For Case 1 and Case 2a, if model transfer/delivery is not considered, UE side can collect the training data through a specification-transparent way.
[bookmark: _Toc32321]The current associated information to the DL PRS configuration (e.g., TRP ID, TRP location, carrier frequency) is already defined in TS 37.355. Additional association information is not necessary to be defined for UE side data collection.
[bookmark: _Toc22131]Reuse on-demand PRS mechanisms defined in Rel-17 for PRS request of data collection by UE side.
As we know, current specifications support following measurements from UE/TRP to LMF: 
· 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.
· LOS/NLOS indicator
For Case 2b and Case 3b, the AI model inference is performed entirely at the LMF side. Hence, the more useful and representative information being fed into an AI/ML model, the AI/ML model can extract more important features. This requires UE/TRP to report more detailed channel measurements in addition to the above measurements. Finally, the relationship between accuracy of UE position and accuracy of channel information learned/trained by AI/ML model is strongly correlated. As agreed above, report from the measurement data generation entity is required as the model input for model training.
According to our preliminary simulation results in [4], positioning performances are improved significantly with the increase of number of path timings and RSRPPs as the input to the AI/ML model. To support model training for network side model, UE/TRP should be able to report more than 8 additional path timings and RSRPPs so that LMF can get more accurate UE location via AI/ML models. 
[bookmark: _Toc26640]At least for data collection of Case 2b and Case 3b, support UE/TRP to report more than 8 additional path timings and RSRPPs.
A given channel path in time domain generally includes in-phase part and quadrature components, which has different channel features. However, the current RSRPP only includes the path power information of a channel path, which is a total power of in-phase and quadrature components of the channel path. As shown in [4], if the model input includes both in-phase and quadrature components. The gain of positioning accuracy is obvious. Therefore, UE/TRP should report path phase of a channel path in addition to path power and path timing at least for model training.
[bookmark: _Toc20170]At least for data collection of Case 2b and Case 3b, support UE/TRP to report path phase of a channel path in addition to path power and path timing.
In Rel-16, specification only defines single port for both positioning SRS and DL PRS as traditional positioning methods highly rely on the angle and timing information, which has no strong relationship about the spatial diversity between UE and TRP. As a consequence, single-port SRS/PRS leads to quite limited channel observations for model training. As we can see in [4], if AI model input includes channel observations from a two-port PRS, positioning accuracy is apparently improved with the same amount of training samples compared to single-port PRS. In our understanding, measurements on multi-port PRS not only increase the channel observations between UE and TRP, but also maintain spatial consistency between neighbor UEs. In addition to that, another advantage is to reduce the efforts to collect training dataset in reality due to a variety of channel observations per UE location.
[bookmark: _Toc24343]If AI model input includes channel observations from a two-port PRS, positioning accuracy is apparently improved with the same amount of training samples compared to single-port PRS.
[bookmark: _Toc28536]Measurements on multi-port PRS not only increase representative channel observations between UE and TRP, but also maintain spatial consistency between neighbour UEs. In addition to that, another advantage is to reduce the efforts to collect training dataset in reality due to a variety of channel observations per UE location.
[bookmark: _Toc18775]At least for data collection of Case 2b and Case 3b, study and support multi-port SRS/PRS in order to collect enriched channel observations.
In addition to the measurement corresponding to the model input, it was identified that the following options of entity and mechanisms can generate ground truth label:
· At least PRU is identified to generate ground truth label for UE-based positioning with UE-side model (Case 1) and UE-assisted positioning with UE-side model (Case 2a)
· At least LMF with known PRU location is identified to generate ground truth label for UE-assisted/LMF-based positioning with LMF-side model (Case 2b) and NG-RAN node assisted positioning with LMF-side model (Case 3b)
· At least network entity with known PRU location is identified to generate ground truth label for NG-RAN node assisted positioning with gNB-side model (Case 3a)
Companies showed the concern to allow UE to generate ground truth label based on non-NR and/or NR RAT-dependent positioning methods. One issue is that the UE location is private data. To our understanding, network should get some UE consent to collect the data. This mechanism is already supported in current SON/MDT framework. Therefore, whether/how to get UE consent for collecting the ground-truth label can be further discussed by other working groups. At least from RAN1 perspective, always rely on PRU to collect ground-truth label is impractical and expensive. Moreover, another issue raised in RAN1#112bis-e is that UE may only generate noisy ground-truth label (e.g., there is no enough LOS TRPs to calculate UE location). If the noisy ground-label is used for model training, it may degrade the model performance. However, data collection and model training are two separate procedures, which doesn’t mean the data collected from UE should always be used for model training. The training dataset may be only constructed based on the date that satisfies the target quality, which is up to implementation of model training entity. However, from specification perspective, we should not prelude that UE can generate ground truth label based on non-NR and/or NR RAT-dependent positioning methods.
[bookmark: _Toc2352] Support UE to generate ground truth label based on non-NR and/or NR RAT-dependent positioning methods when label quality satisfies the requirement. How to preserve user data privacy can be studied in other working groups.
Model inference
	Agreement in RAN1#111:
For the study of benefit(s) and potential specification impact for AI/ML based positioning accuracy enhancement, one-sided model whose inference is performed entirely at the UE or at the network is prioritized in Rel-18 SI.

Agreement in RAN1#111:
Regarding AI/ML model inference, to study and provide inputs on potential specification impact (including necessity and applicability of specifying AI/ML model input and/or output) at least for the following aspects for each of the agreed cases (Case 1 to Case 3b) in AI/ML based positioning accuracy enhancement
· Types of measurement as model inference input
· new measurement
· existing measurement
· UE is assumed to perform measurement as model inference input for Case 1, Case 2a and Case 2b; TRP is assumed to perform measurement as model inference input for Case 3a and Case 3b
· Report of measurements as model inference input to LMF for LMF-side model (Case 2b and Case 3b)
· For AI/ML assisted positioning, new measurement report and/or potential enhancement of existing measurement report as model output to LMF for UE-assisted (Case 2a) and NG-RAN node assisted positioning (Case 3a)
· Assistance signaling and procedure to facilitate model inference for both UE-side and Network-side model
· New and/or enhancement to existing assistance signaling
· Note: whether such assistance signaling and procedure can be applied to other aspect(s) of AI/ML model LCM can also be discussed

Agreement in RAN1#112:
Regarding AI/ML model inference, to study the potential specification impact (including the feasibility, and the necessity of specifying AI/ML model input and/or output) at least for the following aspects for AI/ML based positioning accuracy enhancement
· For direct AI/ML positioning (Case 2b and 3b), type of measurement(s) as model inference input considering performance impact and associated signaling overhead
· Potential new measurement: CIR/PDP
· existing measurement: e.g., RSRP/RSRPP/RSTD
· Note1: details of potential new measurement and/or potential enhancement to existing measurement is to be studied
· Note2: study the impact of model input for other cases are not precluded
· For AI/ML assisted positioning with UE-assisted (Case 2a) and NG-RAN node assisted positioning (Case 3a), measurement report to carry model output to LMF
· new measurement report: e.g., ToA, path phase
· existing measurement report: e.g., RSTD, LOS/NLOS indicator, RSRPP
· enhancement of existing measurement report: e.g., soft information/high resolution of RSTD 
· Assistance signaling and procedure to facilitate model inference for both UE-side and Network-side model
· RS configurations
· Other assistance information is not precluded 

Proposal 1-4-1d:
For direct AI/ML positioning with LMF-side model (Case 2b and 3b), at least the following type of measurement(s) are identified as candidates providing performance benefits for AI/ML based positioning accuracy enhancement
· Potential new measurement, which contains path timing, power and phase information of the channel response
· FFS potential specification impact of measurement request and report including overhead reduction
· Note: take into account existing Rel-16/17 measurement and/or expected Rel-18 measurement 
· Potential new measurement, which contains path timing and power information of the channel response
· FFS potential specification impact including enhancement to existing measurement report (e.g., RSRPP and timing for multi-path) and/or overhead reduction
· Existing measurement and/or existing measurement report (e.g., RSRPP/RSRP/RSTD/AdditionalPath), which contains path timing or power information of the channel response
· FFS potential specification impact including enhancement to existing measurement report
· Note1: whether such measurement request and report can be applied to other aspects of AI/ML LCM (e.g., monitoring, etc.) and/or for other Cases can also be discussed
· Note2: potential combinations of multiple measurements and/or post processing of the measurement(s) are not precluded

Proposal 1-4-2c:
For assisted AI/ML positioning with UE-assisted (Case 2a) and NG-RAN node assisted positioning (Case 3a), at least the following types of model inference output are evaluated showing performance benefits
· TOA estimation at least for a TRP or a resource
· FFS potential specification impact including details of report to LMF, e.g., time difference relative to a reference time, soft information report
· Note1: the report to LMF based on model inference output may not be the same as model inference output
· FFS applicability at least for DL-TDOA, UE/gNB RTT and UL-RTOA 
· LOS/NLOS indicator
· FFS potential specification impact (if any w.r.t. existing measurement report)
· FFS RSTD as model inference output where estimation is for a pair of TRPs or resources
· For Case 2a DL positioning
· Note2: soft information report is not precluded
· FFS RSRPP for Case 2a and Case 3a


For AI/ML assisted positioning, it’s more appropriate to be implemented at UE/TRP side since the motivation is to increase reliability and accuracy of UE/TRP measurement based on a raw channel. Therefore, we should study whether some traditional measurements can use AI/ML techniques to improve its reliability. 
[bookmark: _Toc28102]AI/ML assisted positioning is more appropriate to be implemented at UE/TRP side since the motivation is to increase reliability and accuracy of UE/TRP measurement based on a raw channel.
Generally, AI/ML assisted positioning has two steps: the first step is to get intermediate results via an AI model and second step is to calculate UE position either by another AI/ML model or a traditional algorithm. The intermediate result can be one of the measurements supported in current specification. However, one thing should be noted that not all current measurement types are suitable for being intermediate result of an AI model. At least for supervised learning, one important thing is that ground-truth labels should be accessible.  For example, the timing of first path can be easily measured by other high precision equipment. However, the timing of additional path is hard to be acquired with high confidence level. That is, if training an AI model has to rely on a non-reliable ground-truth labels, it cannot be expected that AI model can infer a more reliable intermediate result than the non-reliable ground-truth labels. 
[bookmark: _Toc16701]At least for supervised learning, one important thing is that ground-truth labels should be accessible. If training an AI model has to rely on a non-reliable ground-truth labels, it cannot be expected that AI model can infer a more reliable intermediate result than the non-reliable ground-truth labels.
[bookmark: _Toc18457]For AI/ML assisted positioning, intermediate results of AI/ML model should consider the accessibility to ground-truth labels. 
According to our preliminary evaluations as shown in [4], the intermediate DL-RSTD values derived by an AI/ML using CIR as model input. Then a classical algorithm based on the DL-RSTD values can achieve similar positioning performance as direct AI/ML positioning. It can work well even in heavy NLOS conditions.
In Rel-17, UE/TRP is enhanced to report LOS/NLOS indicator to LMF. However, it’s transparent to specification that how UE/TRP can get the LOS/NLOS indicator. It’s totally left up to UE/TRP implementation. In reality, the channel observations for LOS channel and NLOS channel could be different, e.g., coherence bandwidth of LOS channel is generally larger than NLOS channel, which leaves a door to use AI/ML model to extract different features between LOS channel and NLOS channel. As evaluation result shown in [4], AI/ML model can be beneficial for LOS/NLOS identification. The AI/ML model may have learned the most distinguishable features between LOS channel and NLOS channel.
As discussed above, the ground-truth labels for additional path is hard to get. However, DL PRS-RSRPP(s) for LOS path could be possible. In Rel-17, LMF can provide beam antenna information of a TRP to UE for UE based DL-AoD positioning method, which includes relative powers between DL-PRS Resources in a number of angles. If an angle corresponds to the LOS direction between TRP and UE, then relative powers between DL-PRS Resources are actually equal to relative RSRPP values for LOS path observed by UE. Therefore, the beam antenna information of a TRP can somehow be ground-truth labels for an AI/ML model whose output are DL PRS-RSRPP(s) for LOS path. By deploying the AI/ML model at UE side, the intermediate outputs are relative DL PRS-RSRPP values between DL-PRS Resources for first detected path in time. 
In addition, as discussed in RAN1#112bis-e, it was argued that TOA value (clock time) cannot be used as model output. It does not make sense to have TOA (clock time) as label for model training. The TOA is impacted by clock synchronization error and clock drift. Hence, it’s not preferred to report the TOA value directly to network. If the TOA is reported relatively to a reference time. It may actually refer to a RSTD value if the reference time is determined by a reference TRP. Another issue is that AI/ML model training require normalization on label. If the model output is RSTD values relatively to the same reference TRP, it naturally applies the normalization to eliminate the bias. It should be clarified that the evaluations conducted in 9.2.4.1 are based on TOF (time of flight), which is the propagation time between UE and TRP. It’s measurable if the accurate PRU and TRP locations are known. 
[bookmark: _Toc10544]It should be clarified that the evaluations conducted in 9.2.4.1 are based on TOF (time of flight), which is the propagation time between UE and TRP. It’s measurable if the accurate PRU and TRP locations are known. 
[bookmark: _Toc8421]For AI/ML assisted positioning, the model output based on RSTD is prioritized over TOA.
[bookmark: _Toc19339]For AI/ML assisted positioning, at least support following existing measurements as the model output:
[bookmark: _Toc11832]RSTD value(s);
[bookmark: _Toc22146]LOS/NLOS indicator;
[bookmark: _Toc17445]PRS-RSRPP value(s).
Moreover, as discussed in section 2 for data collection, the following measurement enhancements corresponding to model input can also be used for LMF-side model:
· Support UE/TRP to report more than 8 additional path timings and RSRPPs.
· Support UE/TRP to report path phase of a channel path in addition to path power and path timing.
· Support multi-port SRS/PRS
[bookmark: _Toc356]Further enhance the measurement corresponding to model input:
[bookmark: _Toc18976]Support UE/TRP to report more than 8 additional path timings and RSRPPs.
[bookmark: _Toc30132]Support UE/TRP to report path phase of a channel path in addition to path power and path timing.
[bookmark: _Toc3087]Support multi-port SRS/PRS
For Case 2a and Case 3a, measurement report based on AI/ML assisted intermediate results may need to be studied. For example, as agreed in agenda item 9.2.4.1, an AI/ML model structure may be single-TRP construction or Multi-TRP construction. It’s natural to consider that UE may have to report all N sets of values corresponding to N TRPs under Multi-TRP construction. Even for single-TRP construction, take AI/ML assisted DL PRS-RSRPP as an instance, model input may include channel measurements from multiple PRS resources transmitted by the same TRP in order to get DL PRS-RSRPP values of the corresponding PRS resources. In other words, measurement report for AI/ML assisted positioning may depend on input and output types of the model.
	Agreement in RAN1#110b:
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


[bookmark: _Toc15975]For AI/ML assisted positioning, study measurement report enhancement for AI/ML assisted intermediate results under both single TRP and Multi-TRP construction.
Model/functionality identification
In addition, the following progress have been reached in 9.2.1 and 9.2.4.2 for model identification and functionality identification. 
	Agreement in RAN1#112:
· AI/ML-enabled Feature refers to a Feature where AI/ML may be used. 

Agreement in RAN1#112:
· For functionality identification, there may be either one or more than one Functionalities defined within an AI/ML-enabled feature.

Agreement in RAN1#112:
For UE-side models and UE-part of two-sided models:
· For AI/ML functionality identification
· Reuse legacy 3GPP framework of Features as a starting point for discussion.
· UE indicates supported functionalities/functionality for a given sub-use-case.
· UE capability reporting is taken as starting point.
· For AI/ML model identification 
· Models are identified by model ID at the Network. UE indicates supported AI/ML models.
· In functionality-based LCM
· Network indicates activation/deactivation/fallback/switching of AI/ML functionality via 3GPP signaling (e.g., RRC, MAC-CE, DCI). 
· Models may not be identified at the Network, and UE may perform model-level LCM.
· Study whether and how much awareness/interaction NW should have about model-level LCM
· In model-ID-based LCM, models are identified at the Network, and Network/UE may activate/deactivate/select/switch individual AI/ML models via model ID. 
FFS: Relationship between functionality identification and model identification
FFS: Performance monitoring and RAN4 impact
FFS: detailed understanding on model 

Agreement in RAN1#112bis-e:
· For AI/ML functionality identification and functionality-based LCM of UE-side models and/or UE-part of two-sided models:
· Functionality refers to an AI/ML-enabled Feature/FG enabled by configuration(s), where configuration(s) is(are) supported based on conditions indicated by UE capability.
· Correspondingly, functionality-based LCM operates based on, at least, one configuration of AI/ML-enabled Feature/FG or specific configurations of an AI/ML-enabled Feature/FG.
· FFS: Signaling to support functionality-based LCM operations, e.g., to activate/deactivate/fallback/switch AI/ML functionalities
· FFS: Whether/how to address additional conditions (e.g., scenarios, sites, and datasets) to aid UE-side transparent model operations (without model identification) at the Functionality level
· FFS: Other aspects that may constitute Functionality
· FFS: which aspects should be specified as conditions of a Feature/FG available for functionality will be discussed in each sub-use-case agenda.
· For AI/ML model identification and model-ID-based LCM of UE-side models and/or UE-part of two-sided models:
· model-ID-based LCM operates based on identified models, where a model may be associated with specific configurations/conditions associated with UE capability of an AI/ML-enabled Feature/FG and additional conditions (e.g., scenarios, sites, and datasets) as determined/identified between UE-side and NW-side.
· FFS: Which aspects should be considered as additional conditions, and how to include them into model description information during model identification will be discussed in each sub-use-case agenda.
· FFS: Relationship between functionality and model, e.g., whether a model may be identified referring to functionality(s).
· FFS: relationship between functionality-based LCM and model-ID-based LCM
· Note: Applicability of functionality-based LCM and model-ID-based LCM is a separate discussion.

Agreement in RAN1#112bis-e:
Regarding LCM of AI/ML based positioning accuracy enhancement, at least for Case 1 and Case 2a (model is at UE-side), further study the following aspects on information related to the conditions 
· What are the conditions for functionality-based LCM
· which aspects should be specified as conditions of a Feature/FG available for functionality
· What are the conditions for model-ID-based LCM
· Which aspects should be considered as additional conditions, and how to include them into model description information during model identification


Generally, functionality identification and model identification refer to network’s understanding on UE-side models. As discussed in our companion contribution [5], depend on which level that a UE-side model is not transparent to network side. There are different options to define UE capability on a functionality or a model. Finally, network should have control over a function unit (either corresponding to a functionality or a model) operated at UE that is not transparent to the network. As discussed in [5], the major differences between functionality-based LCM and model-ID-based LCM are UE capability report and functionality/model report (or configuration). Aside from that, the LCM including measurement report, performance monitoring, activation/deactivation, selection and switching should share a unified solution, e.g., based on a local identifier associated with a model or a functionality.
Figure 1 gives a general example on how to understand functionality identification and model identification. For AI/ML based positioning, UE anyway has to report its supported AI/ML-enabled features. As shown in Figure 1, for direct AI/ML positioning, model input may be transparent to network side so that direct AI/ML positioning can be an independent AI/ML-enabled feature. For AI/ML assisted positioning, the different AI/ML-enabled features are determined by the model output type, which is similar to legacy UE capability report for different positioning methods. Under each AI/ML-enabled feature, there could be different functionalities associated. The applicable conditions are different for different functionalities, which can be further discussed per functionality. For UE capability report on model level, UE should report its supported models to a specific AI/ML-enabled feature, e.g., via model IDs. The model is already identified between UE side and network so that the model ID may be global ‘unique’. The model description information (e.g., applicable conditions of the model) associated with the model should be coordinated via offline/online manner before the UE capability report. Whether and how to define the model description information can be further discussed according to the progress in 9.2.1.

[image: ]
Figure 1. A general example of functionality report and model report
[bookmark: _Toc17691]The relationship between functionality-based LCM and model-ID-based LCM should be further clarified in 9.2.1.
[bookmark: _Toc7674]For functionality identification, it can be progressed based on the following understanding for AI/ML based positioning: 
[bookmark: _Toc14807]Direct AI/ML positioning is an independent AI/ML-enabled feature;
[bookmark: _Toc27266]For AI/ML assisted positioning, the AI/ML-enabled feature is determined by the model output type.
[bookmark: _Toc9388]For model identification, study how to report model capability for a specific AI/ML-enabled feature.
Conclusion
In this contribution, we provide our further views to the sub-use case selections and potential specification impacts. We have following observations and proposals:
Observation 1: For Case 1 and Case 2a, if model transfer/delivery is not considered, UE side can collect the training data through a specification-transparent way.
Observation 2: If AI model input includes channel observations from a two-port PRS, positioning accuracy is apparently improved with the same amount of training samples compared to single-port PRS.
Observation 3: Measurements on multi-port PRS not only increase representative channel observations between UE and TRP, but also maintain spatial consistency between neighbour UEs. In addition to that, another advantage is to reduce the efforts to collect training dataset in reality due to a variety of channel observations per UE location.
Observation 4: AI/ML assisted positioning is more appropriate to be implemented at UE/TRP side since the motivation is to increase reliability and accuracy of UE/TRP measurement based on a raw channel.
Observation 5: At least for supervised learning, one important thing is that ground-truth labels should be accessible. If training an AI model has to rely on a non-reliable ground-truth labels, it cannot be expected that AI model can infer a more reliable intermediate result than the non-reliable ground-truth labels.

[bookmark: _GoBack]Proposal 1: The current associated information to the DL PRS configuration (e.g., TRP ID, TRP location, carrier frequency) is already defined in TS 37.355. Additional association information is not necessary to be defined for UE side data collection.
Proposal 2: Reuse on-demand PRS mechanisms defined in Rel-17 for PRS request of data collection by UE side.
Proposal 3: At least for data collection of Case 2b and Case 3b, support UE/TRP to report more than 8 additional path timings and RSRPPs.
Proposal 4: At least for data collection of Case 2b and Case 3b, support UE/TRP to report path phase of a channel path in addition to path power and path timing.
Proposal 5: At least for data collection of Case 2b and Case 3b, study and support multi-port SRS/PRS in order to collect enriched channel observations.
Proposal 6: Support UE to generate ground truth label based on non-NR and/or NR RAT-dependent positioning methods when label quality satisfies the requirement. How to preserve user data privacy can be studied in other working groups.
Proposal 7: For AI/ML assisted positioning, intermediate results of AI/ML model should consider the accessibility to ground-truth labels.
Proposal 8: It should be clarified that the evaluations conducted in 9.2.4.1 are based on TOF (time of flight), which is the propagation time between UE and TRP. It’s measurable if the accurate PRU and TRP locations are known.
Proposal 9: For AI/ML assisted positioning, the model output based on RSTD is prioritized over TOA.
Proposal 10: For AI/ML assisted positioning, at least support following existing measurements as the model output:
• RSTD value(s);
• LOS/NLOS indicator;
• PRS-RSRPP value(s).
Proposal 11: Further enhance the measurement corresponding to model input:
• Support UE/TRP to report more than 8 additional path timings and RSRPPs.
• Support UE/TRP to report path phase of a channel path in addition to path power and path timing.
• Support multi-port SRS/PRS
Proposal 12: For AI/ML assisted positioning, study measurement report enhancement for AI/ML assisted intermediate results under both single TRP and Multi-TRP construction.
Proposal 13: The relationship between functionality-based LCM and model-ID-based LCM should be further clarified in 9.2.1.
Proposal 14: For functionality identification, it can be progressed based on the following understanding for AI/ML based positioning:
• Direct AI/ML positioning is an independent AI/ML-enabled feature;
• For AI/ML assisted positioning, the AI/ML-enabled feature is determined by the model output type.
Proposal 15: For model identification, study how to report model capability for a specific AI/ML-enabled feature.
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