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Introduction
In the WID in RP-220635, it was agreed to start normative work on Artificial Intelligence (AI)/Machine Learning (ML) for NG-RAN based on the conclusions captured in the TR 37.817, which state:
The AI/ML functionality and the following use cases are recommended by RAN3 to be specified in Rel-18 normative phase:
-	AI/ML-based Network Energy Saving
-	AI/ML-based Load Balancing
-	AI/ML-based Mobility Optimization
Recommendations for each use case take the section of “Solutions and standard impacts” for each use case as basis.
In this paper, we discuss the inputs, outputs, and feedback information captured in the section of “Solutions and standard impacts” for AI/ML-based Mobility Optimization.
[bookmark: _Ref110863606][bookmark: OLE_LINK1][bookmark: OLE_LINK2]Discussion on signaling of new information
To obtain AI/ML assistance information for AI/ML use cases in RAN, two solutions are possible:
1. Reusing and extending legacy signaling procedures. 
2. Introducing new signaling procedures dedicated to assist AI/ML in RAN.
Observation 1:  In order to exchange AI/ML assistance information, either new signaling needs to be introduced or legacy signaling procedures need to be enhanced.
As discussed in our companion contribution R3-224494, extending legacy signaling is not optimal given that in most cases the standardized messages are already too complex. Instead, we propose to introduce new dedicated procedures to assist AI/ML in RAN, defined in a use-case agnostic manner. These procedures are:
· a new non-UE associated procedure, for handling the subscription mechanism. A tentative name for this procedure can be AIML Assistance Data Reporting Initiation.
· a new non-UE associated procedure, for handling the collection of subscribed information. A tentative name for this procedure can be AIML Assistance Data Reporting.
[bookmark: _Ref110612912]Predicted resource status information of neighboring NG-RAN node(s)
Predicted resource status information of neighboring NG-RAN nodes is one of the potential AI/ML assistance information considered in the TR 37.817 for AI/ML-based Mobility Optimization. An NG-RAN node can obtain the predicted resource status information of another NG-RAN in two ways:
1. Using a local algorithm to produce a locally available prediction of the resource status information of the other NG-RAN node; or,
2. Requesting to the other NG-RAN node the predicted resource status information.
The TR 37.817 contemplates both approaches. However, while the former is mostly implementation specific and could be realized without new additions to the specifications, the latter requires new signaling. As previously mentioned, we propose new dedicated procedures to assist AI/ML in RAN.
Proposal 1:  Use two new procedures in XnAP, the AIML Assistance Data Reporting Initiation and AIML Assistance Data Reporting, to request and obtain predicted Resource Status Information of a neighboring RAN node.
As an example, the Predicted Radio Resources can be requested as shown in the table below, which only addresses the mobility optimization use case (not applicable measurements are greyed out):
	Registration Request
	M
	
	ENUMERATED(start, stop,
add, …)
	Type of request for which the assistance information is required.
	YES
	reject

	Report Assistance Information
	C-ifRegistrationRequestStart
	
	BITSTRING
(SIZE(64))
	Each position in the bitmap indicates assistance information the NG-RAN node2 is requested to report.
First Bit = Predicted radio resources Periodic,
Second Bit = Predicted Energy Efficiency Periodic,
Third Bit = 
Current Energy Efficiency Periodic, Fourth Bit =UE Performance Indicator Periodic, 
Other bits shall be ignored by the NG-RAN node2.
	YES
	reject

	Cell To Report List
	
	0..1
	
	Cell ID list to which the request applies.
	YES
	ignore

	>Cell To Report Item
	
	1 .. <maxnoofCellsinNG-RANnode>
	
	
	–
	

	>>Cell ID
	M
	
	Global NG-RAN Cell Identity
9.2.2.27

	
	–
	

	Reporting Periodicity
	O
	
	ENUMERATED(500ms, 1000ms, 2000ms, 5000ms, 10000ms, …)
	Periodicity that can be used for reporting.
	YES
	ignore



[bookmark: _Toc81322196][bookmark: _Toc98868585][bookmark: _Toc105174870][bookmark: _Toc106109707]One important detail is how should the Predicted Radio Resources IE be represented. The simplest way would be to define the Predicted Radio Resources IE as a sequence of predicted values for the IEs reported in the Xn: Resource Status Update message. One example of how the Predicted Radio Resources IE may look like is shown below:
9.2.3.xx		Predicted Radio Resources
This IE provides prediction values for Radio Resource parameters.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	IE/Group Name
	Presence

	Predicted Radio Resource Status 
	O
	
	[bookmark: _Hlk44419252]9.2.2.50
	Predicted value of the Radio Resource Status IE
	–
	

	Predicted TNL Capacity Indicator
	O
	
	[bookmark: _Hlk44419265]9.2.2.49
	Predicted value of the TNL Capacity Indicator IE
	–
	

	Predicted Composite Available Capacity Group
	O
	
	[bookmark: _Hlk44419275]9.2.2.51
	Predicted value of the Composite Available Capacity Group IE
	–
	

	Predicted Slice Available Capacity
	O
	
	[bookmark: _Hlk44419292]9.2.2.55
	Predicted value of the Slice Available Capacity IE
	–
	

	Predicted Number of Active UEs 
	O
	
	[bookmark: _Hlk44419307]9.2.2.62
	Predicted value of the Number of Active UEs IE
	–-
	

	Predicted RRC Connections
	O
	
	[bookmark: _Hlk44419316]9.2.2.56
	Predicted value of the RRC Connections IE
	–
	



[bookmark: _Ref110612826][bookmark: _Ref108008529]Performance information of historical HO-ed UEs
According to the TR 37.817, this KPI could be used as an input of the AI/ML-based Mobility Optimization solution.
After successfully offloading one or more UEs to a neighboring NG-RAN node, the source NG-RAN node might be interested in analyzing the performance of said UEs. 
Observation 2:  In order to monitor the performance of offloaded UEs, new signaling needs to be introduced in the specifications or existing signaling needs to be enhanced.
Similarly to our discussion in the preceding section, reusing legacy signaling has its disadvantages. Indeed, adding new features to existing procedures would not follow the principles of modular design. The addition of new requirements to existing procedures for AI/ML-related functionality may lead to a more error-prone system that is harder to analyze and debug. For this reason, we propose the use of the new dedicated procedures proposed in Proposal 1 to assist AI/ML in RAN.
Proposal 2:  Use two new procedures in XnAP, the AIML Assistance Data Reporting Initiation and AIML Assistance Data Reporting, to request and collect performance of handed-over UEs due to AI/ML.
Depending on how long after the handover the UE performance is reported, the source NG-RAN node may or may not have the related UE context. As explained previously, new AI/ML-related functionality should not impact the mechanism of legacy procedures. In other words, the release of the UE context should not be delayed if UE performance after handover is requested. Nonetheless, if the UE context is present at source NG/RAN, the source NG-RAN node could associate the reported UE performance with a richer UE context, allowing for a better understanding of the performance results. Therefore, the procedures to request and report AI/ML assistance information should be non-UE associated procedures but allow the inclusion of UE identifiers.
Proposal 3:  The new XnAP procedures, the AIML Assistance Data Reporting Initiation and AIML Assistance Data Reporting, to request and report performance of handed-over UEs should be non-UE associated procedures but should support the inclusion of UE identifiers to the performance of handed-over UEs, to allow mapping the UE performance to the UE context (if available).
An example of how the performance of offloaded UEs can be encoded is shown in the tabular below, where parameters related to use cases different from the Mobility Optimization use case have been grayed out.
[bookmark: _Hlk44423802]9.2.3.yy	UE Performance Measurement
The UE Performance Measurements IE indicates performance measurements for a UE.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	Average UE Throughput DL
	O
	
	9.2.3.4
	Average overall user plane UE throughput in DL

	Average UE Throughput UL
	O
	
	9.2.3.4
	Average overall user plane UE throughput in UL

	Average Packet Delay 
	O
	
	9.3.1.80
	Average value for the delay that a packet may experience.

	Average Packet Error Rate
	O
	
	9.3.1.81
	Average Packet Error Rate 

	Average RAN Visible QoE
	O
	
	FFS
	Average RAN Visible QoE experienced by the UE on all the active services for which QoE is collected at the time of reporting

	UE Energy Consumption
	O
	
	FFS
	The energy consumption experienced by the UE at the time of reporting



A certain degradation in UE performance regarding bitrate, latency, reliability, etc. after a mobility-optimization action does not necessarily lead to a degradation in user satisfaction. It may not be necessary that UEs achieve a similar quality of service at the neighbor NG-RAN nodes, since UEs may have been over-provisioned with respect to the applications or services in use, e.g., in case of DASH streaming. In order to facilitate best possible mobility-optimization strategies, it is proposed that the UE performance information further includes RAN Visible Quality of Experience (RVQoE) measurements, when applicable. This is shown in the tabular above and it allows to monitor the QoE, which reflects directly the quality of the service at the end user.
Proposal 4:  It is proposed that the UE performance information includes average RAN Visible Quality of Experience (RVQoE) measurements.
Inputs, Outputs, and Feedback captured in the TR 37.817
[bookmark: _Toc97840253][bookmark: _Toc99489565][bookmark: _Toc100153170][bookmark: _Toc100154301][bookmark: _Toc100154510][bookmark: _Toc100155017]Input of AI/ML-based Mobility Optimization
The following input data is captured in the TR 37.817 for AI/ML-based mobility optimization:
From the UE: 
-	UE location information (e.g., coordinates, serving cell ID, moving velocity) interpreted by gNB implementation when available. 
-	Radio measurements related to serving cell and neighbouring cells associated with UE location information, e.g., RSRP, RSRQ, SINR.
-	UE Mobility History Information.
From the neighbouring RAN nodes: 
-	UE’s history information from neighbour
-	Position, QoS parameters and the performance information of historical HO-ed UE (e.g., loss rate, delay, etc.)
-	Current/predicted resource status
-	UE handovers in the past that were successful and unsuccessful, including too-early, too-late, or handover to wrong (sub-optimal) cell, based on existing SON/RLF report mechanism. 
From the local node: 
-	UE trajectory prediction 
-	Current/predicted resource status 
-	Current/predicted UE traffic
We now proceed to analyze them:
· Radio measurements related to serving cell and neighbouring cells associated with UE location information: The NG-RAN node can already configure the UE to measure (and report) multiple KPIs both in RRC_CONNECTED and RRC_IDLE/RRC_INACTIVE states. No signaling enhancements are foreseen for this input.
· UE Mobility History Information: The NG-RAN node can obtain this information from the UE (if available) using the UE Information procedure. Existing signaling already conveys this information, hence no signaling enhancements are foreseen for this input.
· UE’s history information from neighbour: The NG-RAN node can obtain this information (if available) with the UE Context through relevant procedures in the Xn or NG interfaces. Existing signaling already conveys this information, hence no signaling enhancements are foreseen for this input.
· Position, QoS parameters and the performance information of historical HO-ed UE: The request of information related to past handovers is not yet specified in the standard. As discussed in Section 2.2, we argue that this information could be requested and reported using new dedicated procedures for collecting information to assist the AI/ML-based use case: AIML Assistance Data Reporting Initiation and AIML Assistance Data Reporting.
· Current/predicted resource status (from neighbouring NG-RAN nodes): For the case of current resource status information, this information is already available using the XnAP signaling Resource Status Reporting Initiation and Resource Status Reporting. It is possible to extend this signaling to include predicted values, but as we discuss in Section 2.1, we suggest introducing new dedicated procedures for collecting information to assist the AI/ML-based use case: AIML Assistance Data Reporting Initiation and AIML Assistance Data Reporting. Therefore, support for this information requires signaling enhancements.
· UE handovers in the past that were successful and unsuccessful: RLF reports and Successful HO Reports can already be received by an NG-RAN node using the XnAP Failure Indication, Handover Report, and Access And Mobility Indication procedures. The number of successful handovers can be computed by the number of XnAP UE Context Release procedures. Therefore, support for this information does not require signaling enhancements.
· UE trajectory prediction: This is a node internal input that the gNB can compute with the available information it already has. Therefore, support for this information does not require signaling enhancements.
· Current/predicted resource status: In case of a disaggregated gNB, the existing F1AP signaling Resource Status Reporting Initiation and Resource Status Reporting already allows a gNB-CU to obtain resource measurements from the connected gNB-DU(s). Furthermore, the gNB-CU can make resource status predictions with the available information. Therefore, support for this information does not require signaling enhancements.
· Current/predicted UE traffic: As with the previous point, the gNB-CU can calculate this with the available information. Therefore, support for this information does not require signaling enhancements.
Observation 3:  With the exception of predicted resource status (from neighboring NG-RAN nodes) and performance of handed-over UEs (to neighboring NG-RAN nodes), all the inputs of AI/ML-based Mobility Optimization use case captured in the TR 37.817 are readily available at the NG-RAN nodes and do not require new signaling. 
Proposal 5:  Use two new procedures in XnAP, the AIML Assistance Data Reporting Initiation and AIML Assistance Data Reporting, for collecting predicted resource status (from neighboring NG-RAN nodes) and performance of historical HO-ed UEs to neighboring NG-RAN nodes.
[bookmark: _Toc97840254][bookmark: _Toc99489566][bookmark: _Toc100153171][bookmark: _Toc100154302][bookmark: _Toc100154511][bookmark: _Toc100155018]Output of AI/ML-based Mobility Optimization
The following outputs are captured in the TR 37.817 for AI/ML-based mobility optimization:
-	UE trajectory prediction (Latitude, longitude, altitude, cell ID of UE over a future period of time)
	Note:	Whether the UE trajectory prediction is an external output to the node hosting the Model Inference function should be discussed during the normative work phase.
-	Estimated arrival probability in CHO and relevant confidence interval
-	Predicted handover target node, candidate cells in CHO, may together with the confidence of the predication
-	Priority, handover execution timing, predicted resource reservation time window for CHO.
[bookmark: _Hlk96971616]-	UE traffic prediction (will be used by the RAN node internally and the details are left to normative work phase)
-	Model output validity time will be discussed during R18 normative work per inference output.
We now proceed to analyze each one:
· UE trajectory prediction: This should be considered as an internal output due to privacy concerns. The gNB can use this information to select candidate target nodes for CHO. Therefore, support for this output does not require signaling enhancements.
· Estimated arrival probability in CHO: This is an internal output used by the gNB to populate the Estimated Arrival Probability IE contained in the Conditional Handover Information Request IE included in the XnAP HANDOVER REQUEST message. Therefore, support for this information does not require signaling enhancements.
· Predicted handover target node, candidate cells in CHO: This is also an internal output used by the gNB to select the candidate target nodes/cells in CHO. Therefore, support for this information does not require signaling enhancements.
· Priority, handover execution timing, predicted resource reservation time window for CHO: A discussion is needed in RAN3 to determine the scope of this output. In its simplest form, this output may be signaled to a CHO target in the form of a time window within which a CHO would be executed.
· UE traffic prediction: This is an internal output that can be used by the NG-RAN node to make a better selection of candidate target cells for handover. Therefore, support for this information does not require signaling enhancements.
· Model output validity time: The Priority, handover execution timing, predicted resource reservation time window for CHO does not need a validity time, as it is a well framed prediction in time. All the other outputs captured in the TR 37.817 for AI/ML-based mobility optimization are internal to the NG-RAN node. Therefore, there is no need to signal an associated validity time in a standardize way.
Observation 4:  The outputs of AI/ML-based Mobility Optimization use case captured in the TR 37.817 are all for internal use at the NG-RAN nodes or not in need of a validity time. Thus, the validity time of the said outputs does not need to be signaled through open interfaces.
Proposal 6:  RAN3 to agree that all outputs of AI/ML-based Mobility Optimization use case captured in the TR 37.817 are for internal use at the NG-RAN nodes, and that model output validity time is thus not relevant.
Proposal 7:  RAN3 to discuss the scope of the “Priority, handover execution timing, predicted resource reservation time window for CHO” and to decide whether this is a predicted time window for CHO execution.
[bookmark: _Toc99489567][bookmark: _Toc100153172][bookmark: _Toc100154303][bookmark: _Toc100154512][bookmark: _Toc100155019]Feedback of AI/ML-based Mobility Optimization
The following feedback is captured in the TR 37.817 for AI/ML-based mobility optimization:
-	QoS parameters such as throughput, packet delay of the handed-over UE, etc. 
-	Resource status information updates from target NG-RAN.
-	Performance information from target NG-RAN. The details of performance information are to be discussed during normative work phase. 
We now proceed to analyze each one:
· QoS parameters of the handed-over UE: This information is similar to the performance of historical HO-ed UEs discussed in Section 2.2, and following similar arguments we argue that this information could be requested and reported using new dedicated procedures for collecting information to assist the AI/ML-based use case: AIML Assistance Data Reporting Initiation and AIML Assistance Data Reporting.
· Resource status information updates from target NG-RAN: For the case of “measured” (i.e., not predicted) resource status information, this information is already available using the XnAP signaling Resource Status Reporting Initiation and Resource Status Reporting.
· Performance information from target NG-RAN: The XnAP signaling Resource Status Reporting Initiation and Resource Status Reporting already provides many relevant KPIs, e.g., usage of the PRBs, composite available capacity, number of active UEs, RRC connections. It is therefore not clear what this parameter should cover. It is concluded that currently available information exchanged between neighbor nodes is sufficient and that there is no need for further information under the Performance information from target NG-RAN area.
Proposal 8:  Use two new procedures in XnAP, the AIML Assistance Data Reporting Initiation and AIML Assistance Data Reporting, for collecting performance of handed-over UEs from target NG-RAN node.
[bookmark: _Ref110863619]Reporting of AI/ML information for Mobility Optimization
In light of the analysis above an example is given of how a signaling message could be structured to report all the AI/ML information relative to the Mobility Optimization use case.

[bookmark: _Hlk44419231][bookmark: _Toc44497545][bookmark: _Toc45107933][bookmark: _Toc45901553][bookmark: _Toc51850632][bookmark: _Toc56693635][bookmark: _Toc64447178][bookmark: _Toc66286672][bookmark: _Toc74151367][bookmark: _Toc88653839][bookmark: _Toc97904195][bookmark: _Toc98868268][bookmark: _Toc105174553][bookmark: _Toc106109390]9.1.3.zz		AI-ML ASSISTANCE DATA UPDATE

	Cell Measurement Result
	
	1
	
	
	YES
	ignore

	>Cell Measurement Result Item
	
	1 .. < maxnoofCellsinNG-RANnode >
	
	
	YES
	ignore

	>>Cell ID
	M
	
	Global NG-RAN Cell Identity
9.2.2.27

	
	–
	

	>>Predicted Radio Resource Status 
	O
	
	9.2.3.xx
	Indicates the predicted values of reported resource measurements
	
	

	>>UE Performance Indicator List
	O
	1 .. < maxnoofFeedbackUEs >
	
	
	
	

	>>>UE Performance Measurements
	
	
	9.2.3.yy
	
	
	

	>>>UE Assistant Identifier
	O
	
	NG-RAN node UE XnAP ID
9.2.3.16
	
	YES
	ignore



9.2.3.xx	Predicted Radio Resources
This IE provides prediction values for Radio Resource parameters.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	IE/Group Name
	Presence

	Predicted Radio Resource Status 
	O
	
	9.2.2.50
	Predicted value of the Radio Resource Status IE
	–
	

	Predicted TNL Capacity Indicator
	O
	
	9.2.2.49
	Predicted value of the TNL Capacity Indicator IE
	–
	

	Predicted Composite Available Capacity Group
	O
	
	9.2.2.51
	Predicted value of the Composite Available Capacity Group IE
	–
	

	Predicted Slice Available Capacity
	O
	
	9.2.2.55
	Predicted value of the Slice Available Capacity IE
	–
	

	Predicted Number of Active UEs 
	O
	
	9.2.2.62
	Predicted value of the Number of Active UEs IE
	–-
	

	Predicted RRC Connections
	O
	
	9.2.2.56
	Predicted value of the RRC Connections IE
	–
	



9.2.3.yy	UE Performance Measurement
The UE Performance Measurements IE indicates performance measurements for a UE.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	Average UE Throughput DL
	O
	
	9.2.3.4
	Average overall user plane UE throughput in DL

	Average UE Throughput UL
	O
	
	9.2.3.4
	Average overall user plane UE throughput in UL

	Average Packet Delay 
	O
	
	9.3.1.80
	Average value for the delay that a packet may experience.

	Average Packet Error Rate
	O
	
	9.3.1.81
	Average Packet Error Rate 

	Average RAN Visible QoE
	O
	
	FFS
	Average RAN Visible QoE experienced by the UE on all the active services for which QoE is collected at the time of reporting



While the above tabulars are not definitive and need to be discussed in RAN3 and refined, they can be taken as a baseline for further work. 
Proposal 9: Take as baseline the tabulars in Sections 2 and 4 for the definition of the AIML Assistance Data Reporting Initiation and AIML Assistance Data Reporting, resembling the XnAP Resource Status Reporting Initiation and Resource Status Reporting procedures.
A CR to TS 38.423, mirroring the proposals above, is available in R3-224491.
Conclusion
In this contribution, we have discussed the inputs, outputs, and feedback information captured in the TR 37.817 for AI/ML-based Mobility Optimization use case. Corresponding proposals are reported below.
Proposal 1:  Use two new procedures in XnAP, the AIML Assistance Data Reporting Initiation and AIML Assistance Data Reporting, to request and obtain predicted Resource Status Information of a neighboring RAN node.
Proposal 2:  Use two new procedures in XnAP, the AIML Assistance Data Reporting Initiation and AIML Assistance Data Reporting, to request and collect performance of handed-over UEs due to AI/ML.
Proposal 3:  The new XnAP procedures, the AIML Assistance Data Reporting Initiation and AIML Assistance Data Reporting, to request and report performance of handed-over UEs should be non-UE associated procedures but should support the inclusion of UE identifiers to the performance of handed-over UEs, to allow mapping the UE performance to the UE context (if available).
Proposal 4:  It is proposed that the UE performance information includes average RAN Visible Quality of Experience (RVQoE) measurements.
Proposal 5:  Use two new procedures in XnAP, the AIML Assistance Data Reporting Initiation and AIML Assistance Data Reporting, for collecting predicted resource status (from neighboring NG-RAN nodes) and performance of historical HO-ed UEs to neighboring NG-RAN nodes.
Proposal 6:  RAN3 to agree that all outputs of AI/ML-based Mobility Optimization use case captured in the TR 37.817 are for internal use at the NG-RAN nodes, and that model output validity time is thus not relevant.
Proposal 7:  RAN3 to discuss the scope of the “Priority, handover execution timing, predicted resource reservation time window for CHO” and to decide whether this is a predicted time window for CHO execution.
Proposal 8:  Use two new procedures in XnAP, the AIML Assistance Data Reporting Initiation and AIML Assistance Data Reporting, for collecting performance of handed-over UEs from target NG-RAN node.
Proposal 9: Take as baseline the tabulars in Sections 2 and 4 for the definition of the AIML Assistance Data Reporting Initiation and AIML Assistance Data Reporting, resembling the XnAP Resource Status Reporting Initiation and Resource Status Reporting procedures.
A CR to TS38.423, mirroring the proposals above, is available in R3-224491.
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