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1. Introduction
This paper proposes signalling enhancements in relation to AI/ML supported Load Balancing and Mobility Optimisation use cases.
2. [bookmark: OLE_LINK1][bookmark: OLE_LINK2]AI/ML supported Load Balancing
At RAN3#117-e meeting, the following agreements were captured in the meeting minutes:
Regarding AI/ML based Load Balancing, the following information should be specified as a start point on the basis of TR37.817:
· Predicted resource status information over Xn
· UE performance (e.g, UL/DL throughput, packet delay, packet loss)
Predicted resource status information of neighbouring NG-RAN node(s) generated by the current NG-RAN node is internally used, with no standard impacts.
The new procedure over Xn used for AI/ML related information should be non-UE associated as a start point.

[bookmark: _Hlk114580832]Firstly, we note that use of the new non-UE associated procedure described in our companion contribution in R3-225509 (Procedures for exchanging AI/ML-related information) is rather suitable for the AI/ML based Load Balancing use case, since it uses the same paradigm of the Resource Status reporting procedures. In the first negotiation phase, a gNB1 requests a gNB2 to send updates on Predicted resource status information and UE performance. This can be achieved using the AIML Assistance Data Reporting Initiation procedure.
In the second phase, the gNB2 will send updates to gNB1 using the AIML Assistance Data Reporting procedure.

Observation 1:  The generic procedure for exchanging AI/ML related information follows the same pattern as the Resource Status reporting procedures for legacy Load Balancing. 

Proposal 1:  For AI/ML based Load Balancing use case, use AIML Assistance Data Reporting Initiation procedure to request Predicted resource status information and UE performance.
Proposal 2:  For AI/ML based Load Balancing use case, use AIML Assistance Data Reporting procedure to send updates of Predicted resource status information and UE performance


We support the reporting of performance at UE level, as this can provide indications that can be more easily mapped to a load balancing action based on AI/ML. We propose to include this information within the same non-UE associated procedure, as this follows the same approach as the existing XnAP Access And Mobility Indication procedure where specific UE information together with UE Xn AP IDs are included (i.e. RACH Report Container IE).

Observation 2:  UE information is already today included in non UE-associated signalling for the UEs whose UE context is known as in the case of Access and Mobility Indication procedure.

The examples mentioned in the agreement above, related to UE performance, i.e., UL/DL Throughput, Packet Delay and Packet Loss provide a good starting point. We propose to confirm their presence in the signalling. 

Proposal 3:  For AI/ML supported Load Balancing, reported UE performance information includes Averages for DL Throughput, UL Throughput, Packet Delay, Packet Error Rate.


In addition to the above, UE performance can also include QoE information for UEs that have been handed over for load balancing reasons, as the source node can use the QoE information for optimizing future load balancing decisions. QoE information visible to RAN are available in the form of RAN Visible QoE (RVQoE) metrics. If a node can fetch RVQoE metrics (post-handover), it can compare them with the same type of information received before the handover, judge whether the QoE was degraded or not, and take decisions on how to optimize future handover for load balancing. The benefits of using RVQoE metrics come from the fact that they are taken at the application level of the UE, therefore they can provide a closer indication of the actual user experience. It can be expected that not all UEs would be configured to provide RVQoE metrics, therefore this information can be seen as a good complement when available. Whether single instances of RVQoE metrics or averages of them are more advantageous (as for the other metrics) can be further discussed, so the exact encoding of this field can be FFS.
Observation 3:  For AI/ML supported Load Balancing, RVQoE metrics can provide a better indication of the actual UE performance.
Proposal 4:  Reported UE performance information can include RVQoE metrics if available.

The impacts of the proposals above are captured in Section 4 of this paper, which contains common elements with the AI/ML supported Mobility Optimisation use case, as described in the next section. 
Proposal 5:  For AI/ML based Load Balancing use case, take as baseline the tabular in Sections 4 for the request of information and the corresponding updates.

3. AI/ML supported Mobility Optimisation
In this part, we further discuss the impact on RAN3 interfaces in relation to the agreements taken at RAN3#117-e, in relation to the AI/ML supported Mobility Optimisation use case:
Regarding AI/ML based mobility optimization, the following information should be specified as a start point on the basis of TR 37.817:
· UE performance (e.g., UL/DL throughput, packet delay, packet loss)
· Predicted resource status information over Xn
3.1. Predicted resource status information
[bookmark: _Hlk115181559]Predicted resource status information has been agreed to be transferred over Xn. Also, a new procedure will be used for AI/ML information, according to last meeting agreement:
Define a new procedure over Xn which can be used for AI/ML related information, e.g., predicted information 
The new procedure for reporting of AI/ML related information, e.g., predicted information, should be based in a requested way, like resource status report procedure.
Therefore, it is proposed to use the newly agreed procedure to convey predicted resource status information.
Proposal 6:  For AI/ML supported Mobility Optimisation, use the newly agreed AI/ML procedure (details to be discussed separately) to convey predicted resource status information between gNBs.

As an example, the Predicted Radio Resources can be requested as shown in the table below, which only addresses the mobility optimization use case:
	Report Characteristics
	C-ifRegistrationRequestStart
	
	BITSTRING
(SIZE(128))
	Each position in the bitmap indicates assistance information the NG-RAN node 2 is requested to report.
First Bit = Predicted Radio Resources Periodic,
nth Bit =UE Performance Indicator Periodic



One important detail is how the Predicted Radio Resources IE should be represented. The simplest way would be to define the Predicted Radio Resources IE as a sequence of predicted values for the reported IEs. One example of how the Predicted Radio Resources IE may look like as shown below, also reported in Section 4.
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
	–
	



Proposal 7: For AI/ML supported Mobility Optimisation, adopt the tabular representation in section 3.1 as baseline for Predicted Resource Status information over Xn. Namely derive the Predicted Resource Status information from the existing Resource Status information. 

3.2 UE performance information
UE performance has been agreed during RAN3#117-e because the source NG-RAN node might be interested in analyzing the performance of said UEs after successfully offloading of one or more UEs to a neighboring NG-RAN node.
Similarly to our discussion in the preceding section, the newly agreed procedure should be used to convey UE performance information.
Proposal 8:  For AI/ML supported Mobility Optimisation, use the newly agreed AI/ML procedure (details to be discussed separately) to convey UE performance information between gNBs

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. 
Hence, 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, as this can be more easily mapped to a mobility optimization action based on AI/ML, when this action is performed on a single UE. Mobility actions are taken on a per-UE level. Therefore, UE performance information should have a UE granularity.

Observation 4: Mobility actions are taken on a per-UE level. Therefore, UE performance information for mobility optimization should have a UE granularity

Therefore, the procedures to request and report AI/ML assistance information should allow the inclusion of UE identifiers.
Proposal 9:  For AI/ML supported Mobility Optimisation, the new XnAP procedures should support the inclusion of UE identifiers to associate information relative to the performance of handed-over UEs with the right UE context

One example of how the performance of offloaded UE can be encoded is shown in the UE Performance Measurement IE shown below, also reported in Section 4.

[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



This example could be a good starting point, and we propose to confirm the presence of each piece of information in the signalling. In particular, to map the UE performance to the AI/ML-based actions, we expect that the node providing the updates will send to the requesting gNB the performance for UEs handed over. At least as a start, simple indications of an average of the various metrics seems sufficient.

Proposal 10:  For AI/ML supported Mobility Optimisation, reported UE performance information includes Averages for DL Throughput, UL Throughput, Packet Delay, Packet Error Rate.
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. If a node can fetch RVQoE metrics (post-handover), it can compare them with the same type of information received before the handover, judge whether the QoE was degraded or not, and take decisions on how to optimize future handovers. 

The benefits of using RVQoE metrics come from the fact that they are taken at the application level of the UE, therefore they can provide a closer indication of the actual user experience. It can be expected that not all UEs would be configured to provide RVQoE metrics, therefore this information can be seen as a good complement when available. Whether single instances of RVQoE metrics or averages of them are more advantageous (as for the other metrics) can be further discussed, so the exact encoding of this field can be FFS. 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 11:  For AI/ML supported Mobility Optimisation, it is proposed that the UE performance information includes average RAN Visible Quality of Experience (RVQoE) measurements.
Proposal 12: For AI/ML supported Mobility Optimisation, it is proposed to adopt the tabulars in section 3.2 as baseline for UE performance measurements
3.3 Remaining issues not discussed in last meeting
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.

One of these may need further discussion, which did not happen last meeting:
· 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.
Proposal 13:  For AI/ML supported Mobility Optimisation, 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.


4. [bookmark: _Ref115181901]Proposed message content
To accommodate for the request of the agreed information, the initiating message of the AIML Assistance Data Reporting Initiation procedure (suggested name: AI-ML ASSISTANCE DATA REQUEST) can be realized in a similar way as the existing RESOURCE STATUS REQUEST message. The tabular below provides an example, where the greyed-out elements are not relevant for the AI/ML based Load Balancing or Mobility Optimisation use cases:

	Registration Request
	M
	
	ENUMERATED(start, stop,
add, …)
	Type of request for which the assistance information is required.
	YES
	reject

	Report Characteristics
	C-ifRegistrationRequestStart
	
	BITSTRING
(SIZE(128))
	Each position in the bitmap indicates assistance information the NG-RAN node 2 is requested to report.
First Bit = Predicted Radio Resources Periodic,
Second Bit = Current Energy Efficiency Periodic,
Third Bit = 
Predicted Energy Efficiency Periodic,
Fourth Bit = UE Performance Indicator Periodic, 
Other bits shall be ignored by the NG-RAN node 2.
	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



The table below shows an example of content provided by the AIML Assistance Data Reporting procedure (AI-ML ASSISTANCE DATA UPDATE message)

	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 Measurements
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 

	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



Proposal 14:  It is proposed to adopt the tabulars in Section 4 as baseline for the Load Balancing and Mobility Optimisation use cases

3. Conclusion
In this contribution, we discussed the AI/ML based Load Balancing and Mobility Optimisation use cases and we made the following observations and proposals:
Observation 1:  The generic procedure for exchanging AI/ML related information follows the same pattern as the Resource Status reporting procedures for legacy Load Balancing. 

Proposal 1:  For AI/ML based Load Balancing use case, use AIML Assistance Data Reporting Initiation procedure to request Predicted resource status information and UE performance.
Proposal 2:  For AI/ML based Load Balancing use case, use AIML Assistance Data Reporting procedure to send updates of Predicted resource status information and UE performance

Observation 2:  UE information is already today included in non UE-associated signalling for the UEs whose UE context is known as in the case of Access and Mobility Indication procedure.

Proposal 3:  For AI/ML supported Load Balancing, reported UE performance information includes Averages for DL Throughput, UL Throughput, Packet Delay, Packet Error Rate.

Observation 3:  For AI/ML supported Load Balancing, RVQoE metrics can provide a better indication of the actual UE performance.
Proposal 4:  Reported UE performance information can include RVQoE metrics if available.

Proposal 5:  For AI/ML based Load Balancing use case, take as baseline the tabular in Sections 4 for the request of information and the corresponding updates.
Proposal 6:  For AI/ML supported Mobility Optimisation, use the newly agreed AI/ML procedure (details to be discussed separately) to convey predicted resource status information between gNBs.
Proposal 7: For AI/ML supported Mobility Optimisation, adopt the tabular representation in section 3.1 as baseline for Predicted Resource Status information over Xn. Namely derive the Predicted Resource Status information from the existing Resource Status information. 

Proposal 8:  For AI/ML supported Mobility Optimisation, use the newly agreed AI/ML procedure (details to be discussed separately) to convey UE performance information between gNBs

Observation 4: Mobility actions are taken on a per-UE level. Therefore, UE performance information for mobility optimization should have a UE granularity

Proposal 9:  For AI/ML supported Mobility Optimisation, the new XnAP procedures should support the inclusion of UE identifiers to associate information relative to the performance of handed-over UEs with the right UE context

Proposal 10:  For AI/ML supported Mobility Optimisation, reported UE performance information includes Averages for DL Throughput, UL Throughput, Packet Delay, Packet Error Rate.
Proposal 11:  For AI/ML supported Mobility Optimisation, it is proposed that the UE performance information includes average RAN Visible Quality of Experience (RVQoE) measurements.
Proposal 12: For AI/ML supported Mobility Optimisation, it is proposed to adopt the tabulars in section 3.2 as baseline for UE performance measurements
Proposal 13:  For AI/ML supported Mobility Optimisation, 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 14:  It is proposed to adopt the tabulars in Section 4 as baseline for the Load Balancing and Mobility Optimisation use cases
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