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1	Introduction
Release 19 Work Item on AI/ML for NR Air Interface [1] defined the following objectives:
	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



	Study objectives with corresponding checkpoints in RAN#105 (Sept ’24):
· CN/OAM/OTT collection of UE-sided model training data [RAN2/RAN1]: 
· [bookmark: _Hlk152950182]For the FS_NR_AIML_Air study use cases, identify the corresponding contents of UE data collection
· Analyse the UE data collection mechanisms identified during the FS_NR_AIML_Air (TR 38.843 section 7.2.1.3.2) study along with the implications and limitations of each of the methods 



This contribution elaborates on the applicability of studied data collection frameworks for AI/ML Data Collection for offline training of UE-side models [2]. Considerations address two identified use cases for the normative phase: Beam Management and Positioning and propose agreeing on principles that should yield Release 19 enhancements.
2	RAN-based data collection
2.1	General aspects
The study on AI/ML for NR air interface [2] states that “For UE-side models, training data can be generated by the UE, while the termination point for training data may include the UE or a UE-side OTT server.” The WI [1] limits the specification work in the initial phase of the WI to data collection for UE-sided models, except “for the purpose of CN/OAM/OTT collection of UE-sided model training data”. Taking the WID and the TR together, this means that in the initial phase, for the purpose of specification, only data collection for training UE-side models terminating in the UE can be discussed.
Observation 1: In the initial phase of the WI, for the purpose of specification, only data collection for training UE-side models terminating in the UE can be discussed.
Because the UE will need to be configured to make measurements to collect training data for UE-side models regardless of the destination of said measurements, the configuration could be considered as an aspect eligible for specification discussion, and one that could eventually apply to CN, OAM, and OTT-based data collection, which will be discussed in Section 3.
Observation 2: The UE will need to be configured to make measurements to collect training data for UE-side models regardless of the destination of measurements, e.g., the UE, CN, OAM, a server for UE-side data collection or OTT.
Therefore, to limit the overall specification burden, the impact to data collection destined elsewhere than the UE should be taken into consideration when specifying the signaling between the UE and the network (gNB or LMF) to configure signals for measurement, e.g., CSI-RS and PRS for the training of UE-side models. That is, the same approach for configuration of signals for measurement could be reused for all cases.
Proposal 1: The impact to all data collection termination points for UE-side model training data will be taken into consideration when specifying the signaling between the UE and network (gNB or LMF) to configure signals for measurement for training of UE-side models.
Because the initial specification work limits us to the UE as a termination point for data collection for UE-side models, postponing the CN, OAM, and OTT, and implicitly excludes the gNB, the only available triggering entity for initiating data collection in this initial phase is the UE. However, we see NW entities such as the gNB and OAM as ones with better visibility into the state of UEs across the network, and ones which could better centralize data collection needs. 
Until further progress is made on the study on CN, OAM, and OTT-based data collection, we do not see the need to specify mechanisms which allow the UE to request configurations for data collection. Therefore, we propose only to specify the configurations for measurement signals, e.g., CSI-RS and PRS, which could come from the gNB or the LMF within the scope of this initial phase.
Observation 3: Due to the lack of a triggering mechanism for data collection for UE-side models until the study phase of the WI is concluded, it is only possible to specify the configuration of measurement signals, e.g., CSI-RS and PRS.
2.2	Beam Management
As discussed in our Tdoc in [4], LCM (procedures) as such will not be fully specified by 3GPP and only the required RRC, MAC, DCI signaling between the gNB and UE needs to be identified or specified in 3GPP as enablers for the LCM procedures. Considering data collection, when configuring a UE with an AI/ML-enabled beam management, for UE-side BM-Case 1 and BM-Case 2, it is desirable to adopt the legacy beam measurement configuration to support the configuration of UE-side AI/ML model. The use case specific configurations developed and agreed under generic LCM procedures relevant discussions should apply, without a need to specify data collection specific purpose:
Proposal 2: To configure data collection for training UE-side models for UE-side BM-Case 1 and BM-Case 2, the gNB initiates the configuration through the configuration of resources for measurement for beam management (e.g., NZP-CSI-RS-Resource, NZP-CSI-RS-ResourceId, and NZP-CSI-RS-ResourceSets, NZP-CSI-RS-ResourceSetId), with further extensions.
Training of UE-side beam management models will rely on measurements of CSI-RS, which are configured by the gNB. In particular, L1-RSRP and/or beam identifiers have been agreed by RAN1 as training data for beam management use case. While the baseline for triggering configuration and data format intuitively refers to legacy CSI measurements framework, a key difference between the legacy configuration and AI/ML-enabled beam management is that the latter require larger amount of data to support training purpose. At the same time, as for all types of offline model training (i.e., UE- /NW-/ two-sided model training), there is no latency requirement for data collection (TR38.843). To mitigate a large impact to air interface and signalling overhead, it shouldn’t be expected that the UE-side data collection for training purpose will be configured with classical reporting settings (periodic, aperiodic, semipersistent), however, measurement reports used exclusively for training should not interfere with the prompt reporting of legacy CSI reports:
Proposal 3: RAN2 considers that CSI measurement reports used exclusively for training should not interfere with the prompt reporting of legacy CSI reports. 
2.3	Positioning
Ground Truth Acquisition
In positioning, ground truth could take the form of known-accurate position estimate. There are many options for obtaining a position estimate using legacy positioning methods, some which do not involve the LMF, e.g., standalone GNSS positioning, and others which do, e.g., NR DL-TDOA positioning. Aligning a legacy position estimate with measurements on positioning reference signals, such as channel impulse response (CIR), delay profile (DP), or power delay profile (PDP), is one way to assign a ground truth label to a set of measurements.
Proposal 4: Ground truth for training UE-side AI/ML positioning models can be obtained through legacy positioning methods, UE-based or UE-assisted, such as GNSS or NR DL-TDOA, e.g., LPPRequestLocationInformation and LPPProvideLocationInformation.
PRS Configuration
In the legacy procedures, PRS configuration assistance is provided to UE using dedicated LPP signalling and/or broadcast via Positioning System Information Blocks (posSIBs) as specified in TS 37.355. PRS configuration assistance via dedicated LPP signalling is provided using Provide Assistance Data message. The posSIBs are carried in RRC System Information messages, i.e., assistance data elements (TS37.355) are mapped into RRC positioning SIB types (posSibType), e.g.: 
	NR DL-TDOA/DL-AoD Assistance Data (clauses 6.4.3, 7.4.2)
	posSibType6-1
	NR-DL-PRS-AssistanceData

	
	posSibType6-2
	NR-UEB-TRP-LocationData

	
	posSibType6-3
	NR-UEB-TRP-RTD-Info

	
	posSibType6-4
	NR-TRP-BeamAntennaInfo

	
	posSibType6-5
	NR-DL-PRS-TRP-TEG-Info

	
	posSibType6-7
	NR-PRU-DL-Info



The UE can also obtain the PRS configuration assistance by initiating a LPP Request Assistance Data message or can request any of the pre-defined PRS configurations or specific PRS configuration parameters through use of on-demand PRS request LPP procedure.
Observation 4: Legacy LPP ProvideAssistanceData message and positioning system information blocks (PosSIBs) can provide the UE with PRS configuration assistance.
Observation 5: The UE can initiate a request for PRS configuration assistance, whether complete PRS configurations that are pre-defined or specific PRS configuration parameters, at any time.
Proposal 5: For the purpose of measurement data collection for offline training of UE-side models, the UE can acquire the configuration of positioning reference signals (PRS) from the gNB by acquiring the broadcast posSIBs containing that PRS configuration assistance or from the LMF using on-demand PRS procedure or dedicated LPP signalling procedure.
3	CN, OAM, and OTT-based data collection 
3.1	General Aspects
The Release 18 study studied options to collect data from UEs for offline training of UE-side models and considered the following termination entities: OTT server, Core Network; and OAM . TR [1] notes the following principles: 

	The following proposals were discussed in RAN2: 
1.	UE collects and directly transfers training data to the Over-The-Top (OTT) server;
1a)	OTT (TRansparent)
1b)	OTT (non-TRansparent)
2.	UE collects training data and transfers it to Core Network. Core Network transfers the training data to the OTT server.
3.	UE collects training data and transfers it to OAM. OAM transfers the needed data to the OTT server.



The email discussion:‘[POST125bis][020][AI/ML PHY] UE side data collection’ presented yet different approaches and identified new ways of interpreting the three options. Namely, the email discussion introduces a 'server for UE-side data collection' that can be an alternate solution to OTT server in solution 1b, 2 and 3. 
An underlying difference between a 'server for UE-side data collection' and OTT server is that the latter one is considered to be outside the MNO's network, with limited controllability and limited visibility of data content in MNO. 
Observation 6: An underlying difference between a 'server for UE-side data collection' and OTT server is that the latter one is considered to be outside the MNO's network, with limited controllability and limited visibility of data content in MNO.
There can be fundamental differences resulting in adopting suitable security and control for data collection framework with involvement of OTT server, which are dependent on other WGs. In that context, activating and enabling dataset availability outside MNO network would remain out of 3GPP RAN specifications scope, but any restrictions of flexibility on its handling should be addressed by SA WGs (SA2, SA3, SA4 and SA5). 
Proposal 6: RAN2 agrees that activating and enabling data or datasets availability outside MNO network would remain out of 3GPP RAN specifications scope, but any restrictions of flexibility on its handling should be addressed by SA WGs (SA2, SA3, SA4 and SA5).
To meet the requirements for Data Collection in Release 19 (identified in [2]), an alternate approach has been considered by involving CN or OAM, with potential reuse of existing frameworks (e.g. MDT or LPP). This also introduces system-wide dependencies and potential requirements on extensions to network interfaces with support from RAN3 and SA5. Nevertheless, these serve as solid baselines by enabling already some data collection from radio interface:
Observation 7: CN and OAM collection of data for offline training of UE-side models were considered during the Release 18 study item as alternative possibilities to OTT collection of data for offline training of UE-side models due to available enablers to collect data from the UEs for other purposes.
Observation 8: Data transfer of UE-side model to an entity outside of RAN (e.g., CN or OAM), but inside MNO, requires RAN3 and/or SA5 support.
As discussed in the email discussion:‘[POST125bis][020][AI/ML PHY] UE side data collection’,  data collection using Solutions 1a and 1b imposes higher security and privacy risks compared to Solutions 2 and 3. More importantly, Solutions 1a and 1b fail to consider the requirement that the RAN node involvement is needed in some cases to support configurations for UE data collection for the current WI use cases and the potential use cases in the future. The lack of a clear link to RAN node in these options endangers their future proofness and may end in imposing unnecessary standardization complications in the future. Among all the proposed options, only Solution 3 (using OAM for data collection) supports configurations needed for UE data collection due to existence of a clear link to the RAN node. This option also has the minimum risk in terms of security and privacy compared to all other options. It can support collection of non-standardized data. As a more central approach, it also enables further reduction of overhead caused by data collection, e.g., by avoiding duplicated data. 
Since Solution 3 is the only option providing a clear link to RAN nodes and supporting configurations for UE data collection including non-standardized data with minimum security and privacy risks and most capability for overhead reduction, RAN2 should prioritize study on OAM based training data collection for UE-side models with a target to identify necessary requirements and solutions.
Observation 9: Solution 3 (OAM based training data collection) is the only option providing a clear link to RAN nodes and supporting configurations for UE data collection including non-standardized data with minimum security and privacy risks and most capability for overhead reduction.
OAM based training data collection will have to rely on RAN support (with gNB or LMF involvement and support). Until OAM extensions to LMF for Positioning use case is resolved (as we discuss in [3]), we believe the CN based study should focus on CN and OAM based training data collection for UE-side models:
Proposal 7: RAN2 to prioritize study on CN and OAM based training data collection for UE-side models (inside MNO) with a target to identify necessary requirements and solutions recommendations for RAN3 and SA5.
3.2	Privacy concerns
The email discussion:‘[POST125bis][020][AI/ML PHY] UE side data collection’ addressed detailed privacy concerns arising from integrating data collection for AI/ML purposes in RAN. Along expositions from different stakeholders (MNO, Network Vendor, Chipset Vendor, OEM), we observe there are several key categories that cannot be compromised in RAN data collection method design:
· Regulatory Restrictions: Operators are bound by regulations which mandate the protection of customer data, thus any lack of control over data may lead to unwanted exposure of personal information. 
· Data Collection Termination: It is crucial that the initial termination point of data collection be within the operator's network infrastructure (such as CN or OAM) to ensure privacy and compliance. 
· Radio Topology and Settings Disclosure: Disclosing details such as radio topology and specific radio configurations should be prevented, because such information is sensitive and could affect operational security. 
· Violation of user privacy regulation: The equipment of the network vendor may be used for collecting user’s data without getting approval/consent from the user in advance, and this behaviour may violate the local regulations and risks the sales of the equipment. 
· Proprietary Technology Exposure: Chipset vendors develop specialized hardware and software that may contain trade secrets or patented technologies. Here is a risk that the sensitive data could be exposed to a second vendor without the original chipset vendor's knowledge, which could compromise their competitive advantage and innovation. 
· Respect for Implementation Secrecy: There's a universal understanding within the industry that chipset vendors often add proprietary layers on top of standardized specifications, and these unique implementations are critical for maintaining a diverse and successful ecosystem. The non-disclosure of such proprietary information is seen as essential for the continued success of industry standards. 
· Proprietary Technology Exposure: OEM vendors develop specialized hardware and software that may contain trade secrets or patented technologies. Here is a risk that shared information could be unintentionally disclosed to unauthorized parties, leading to privacy breaches. Another risk is that some sensitive data of an OEM vendor may be exposed to a second vendor without the knowledge of the OEM vendor. 
· Consent for Data Collection: OEMs are adamant that user data should not be shared with third-party entities without explicit and informed user consent. Such disclosure might occur without the knowledge of the UE vendor, who is legally bound by a data protection agreement with the user.
Observation 10: The identification of security requirements which should be used as evaluation criteria for selecting UE-side data collection for training should be studied in SA3.
Proposal 8: RAN2 captures in TR38.843 privacy concerns from different stakeholders (i.e.: MNO, Network Vendor, Chipset Vendor, OEM) and selects key security requirements that should be used as evaluation criteria for selecting UE-based data collection solution, i.e.: 
· Regulatory Restrictions, Data Collection Termination, Radio Topology and Settings Disclosure, Violation of User Privacy Regulation, Proprietary Technology Exposure, Respect for Implementation. 
3.3	Beam Management
For a UE-side beam management model, the UE requires a gNB procedure to indicate signals/beams to be measured. The UE is configured by the gNB with CSI-RS resources to measure and to provide measurement results, e.g., L1-RSRP. Typically, the UE recognizes and monitors the resources, but it does not report back to the gNB the entire configuration along with the measurement results. The gNB receiving beam related measurements can determine the context, as the measurement results are resulting from the configuration known to the gNB. Because the UE measurement results and configuration data originated from the gNB are fully available in the gNB, we propose to rely on the gNB to provide data for UE-side beam management model to any further data collection entity in the network, e.g., OAM or CN that is considered as a destination for UE-side beam management model data collection:
Proposal 9: For OAM and CN based data collection for the training of UE-side beam management models, rely on the gNB to configure the UE to collect measurements and send them to the gNB.
Proposal 10: For OAM and CN based data collection for the training of UE-side beam management models, rely on the gNB to forward UE measurement configuration and measurement reports for BM-Case 1, BM-Case 2 to the data collection entity.
3.4	Positioning
In order for the data collection entity, e.g., a Trace Collection Entity (TCE) in MDT, to have a full context of the measurements made for training a UE-side model, it may require any UE measurement configuration or assistance data that was used by the UE to acquire ground truth and to acquire new types of positioning measurements, such as CIR, DP, and PDP. Therefore, it would be useful for the LMF to be able to provide to the data collection entity the UE measurement configuration and assistance data associated with the data collection.
Observation 11: In order for the data collection entity, e.g., a Trace Collection Entity (TCE) in MDT, to have a full context of the measurements made for training a UE-side model, it may require the LPP assistance data or LPP measurement configuration that was used by the UE to acquire ground truth and to acquire new types of positioning measurements, such as CIR, DP, and PDP.
Because the UE configuration and assistance data originated from the LMF, and we are considering transmitting said data to a data collection entity in the network, e.g., OAM or CN, air resources could be conserved by directly transmitting UE measurement configuration and assistance data from the LMF, including any ground truth determined by the LMF, associated with the data collection.
Observation 12: Radio resources could be conserved by directly transmitting to data collection entity in the network, the UE measurement configuration and assistance data from the LMF, including any ground truth determined by the LMF, associated with the data collection.
Proposal 11: For OAM and CN based data collection for the training of UE-side positioning models, rely on the LMF to configure the UE to collect measurements and send them to the LMF.
Proposal 12: For OAM and CN based data collection for the training of UE-side positioning models, rely on the LMF to forward UE measurement configuration, assistance data, and ground truth position estimates to the data collection entity.
4 	Conclusions
In this contribution we made the following observations:
Observation 1: In the initial phase of the WI, for the purpose of specification, only data collection for training UE-side models terminating in the UE can be discussed.
Observation 2: The UE will need to be configured to make measurements to collect training data for UE-side models regardless of the destination of measurements, e.g., the UE, CN, OAM, a server for UE-side data collection or OTT.
Observation 3: Due to the lack of a triggering mechanism for data collection for UE-side models until the study phase of the WI is concluded, it is only possible to specify the configuration of measurement signals, e.g., CSI-RS and PRS.
Observation 4: Legacy LPP ProvideAssistanceData message and positioning system information blocks (PosSIBs) can provide the UE with PRS configuration assistance.
Observation 5: The UE can initiate a request for PRS configuration assistance, whether complete PRS configurations that are pre-defined or specific PRS configuration parameters, at any time.
Observation 6: An underlying difference between a 'server for UE-side data collection' and OTT server is that the latter one is considered to be outside the MNO's network, with limited controllability and limited visibility of data content in MNO.
Observation 7: CN and OAM collection of data for offline training of UE-side models were considered during the Release 18 study item as alternative possibilities to OTT collection of data for offline training of UE-side models due to available enablers to collect data from the UEs for other purposes.
Observation 8: Data transfer of UE-side model to an entity outside of RAN (e.g., CN or OAM), but inside MNO, requires RAN3 and/or SA5 support.
Observation 9: Solution 3 (OAM based training data collection) is the only option providing a clear link to RAN nodes and supporting configurations for UE data collection including non-standardized data with minimum security and privacy risks and most capability for overhead reduction.
Observation 10: The identification of security requirements which should be used as evaluation criteria for selecting UE-side data collection for training should be studied in SA3.
Observation 11: In order for the data collection entity, e.g., a Trace Collection Entity (TCE) in MDT, to have a full context of the measurements made for training a UE-side model, it may require the LPP assistance data or LPP measurement configuration that was used by the UE to acquire ground truth and to acquire new types of positioning measurements, such as CIR, DP, and PDP.
Observation 12: Radio resources could be conserved by directly transmitting to data collection entity in the network, the UE measurement configuration and assistance data from the LMF, including any ground truth determined by the LMF, associated with the data collection.
And following proposals:
General:
Proposal 1: The impact to all data collection termination points for UE-side model training data will be taken into consideration when specifying the signaling between the UE and network (gNB or LMF) to configure signals for measurement for training of UE-side models.
Beam Management:
Proposal 2: To configure data collection for training UE-side models for UE-side BM-Case 1 and BM-Case 2, the gNB initiates the configuration through the configuration of resources for measurement for beam management (e.g., NZP-CSI-RS-Resource, NZP-CSI-RS-ResourceId, and NZP-CSI-RS-ResourceSets, NZP-CSI-RS-ResourceSetId), with further extensions.
Proposal 3: RAN2 considers that CSI measurement reports used exclusively for training should not interfere with the prompt reporting of legacy CSI reports. 

Positioning:
Proposal 4: Ground truth for training UE-side AI/ML positioning models can be obtained through legacy positioning methods, UE-based or UE-assisted, such as GNSS or NR DL-TDOA, e.g., LPPRequestLocationInformation and LPPProvideLocationInformation.
Proposal 5: For the purpose of measurement data collection for offline training of UE-side models, the UE can acquire the configuration of positioning reference signals (PRS) from the gNB by acquiring the broadcast posSIBs containing that PRS configuration assistance or from the LMF using on-demand PRS procedure or dedicated LPP signalling procedure.
UE-side data collection (UE/CN/OAM):
Proposal 6: RAN2 agrees that activating and enabling data or datasets availability outside MNO network would remain out of 3GPP RAN specifications scope, but any restrictions of flexibility on its handling should be addressed by SA WGs (SA2, SA3, SA4 and SA5).
Proposal 7: RAN2 to prioritize study on CN and OAM based training data collection for UE-side models (inside MNO) with a target to identify necessary requirements and solutions recommendations for RAN3 and SA5.
Proposal 8: RAN2 captures in TR38.843 privacy concerns from different stakeholders (i.e.: MNO, Network Vendor, Chipset Vendor, OEM) and selects key security requirements that should be used as evaluation criteria for selecting UE-based data collection solution, i.e.: 
· Regulatory Restrictions, Data Collection Termination, Radio Topology and Settings Disclosure, Violation of User Privacy Regulation, Proprietary Technology Exposure, Respect for Implementation Secrecy, Proprietary Technology Exposure, Consent for Data Collection.
Proposal 9: For OAM and CN based data collection for the training of UE-side beam management models, rely on the gNB to configure the UE to collect measurements and send them to the gNB.
Proposal 10: For OAM and CN based data collection for the training of UE-side beam management models, rely on the gNB to forward UE measurement configuration and measurement reports for BM-Case 1, BM-Case 2 to the data collection entity.
Proposal 11: For OAM and CN based data collection for the training of UE-side positioning models, rely on the LMF to configure the UE to collect measurements and send them to the LMF.
Proposal 12: For OAM and CN based data collection for the training of UE-side positioning models, rely on the LMF to forward UE measurement configuration, assistance data, and ground truth position estimates to the data collection entity.
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