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Introduction
During Rel-17, AI/ML based network energy saving, load balancing and mobility optimization were studied in [1], in which several potential solutions and input/output/feedback information are summarized. In this contribution, we mainly focus on the common aspects of stage 3 of all three use cases, including AI/ML capability request/response, resource status request/response/update enhancement for UE performance of handed-over UE(s) and system KPI, and predicted information request/response.
Discussion
[bookmark: P1]AI/ML Capability Request and Response
In [2], we have discussed the need of AI/ML Capability Request and Response procedure to exchange AI/ML capability between the neighbouring NG-RAN nodes for certain use case(s). 
As captured in [1], AI/ML based network energy saving model may require the predicted energy efficiency and the predicted resource status from the neighbouring NG-RAN nodes, while for AI/ML based load balancing and mobility optimization, the predicted resource status is only required. Based on the deployed model(s) at the neighbouring NG-RAN node, it can respond accordingly to the received AI/ML Capability Request with its supported use case, e.g. energy efficiency prediction, resource status prediction, or both.
Since energy efficiency prediction and resource status prediction don’t have correlation with each other, the proposed AI/ML Capability Request message may be better to carry them as separate IEs. 
Since the procedure requests/responds the capability of a NG-RAN node, Non-UE associated signaling should be proper.
Proposal 1: AI/ML Capability Request/Response messages include separate IEs to request/respond its capability of supporting energy efficiency prediction and resource status prediction.
Resource Status Request, Response and Update
As discussed in the companion contribution [3], the existing XnAP Resource Status Request/Response/Update procedures can be enhanced to collect current status of the neighbouring NG-RAN nodes, not only for the current energy efficiency and current energy state as inputs for AI/ML based network energy saving, but also for the performance of the handed-over UE and system KPI. 
In this section, we mainly focus on the stage-3 design of common information used for all three use cases, i.e. UE performance and system KPI. For energy efficiency and energy state that are specific to AI/ML based network energy saving use case, it is discussed in the companion contribution [4].
UE performance
Similar as other measurement objects, e.g. PRB periodic, TNL capability and Periodic, etc., the UE performance can be treated as a new measurement object. A new bit can be introduced as one of "Report Characteristics" to request the performance of the handed-over UE from the neighbouring NG-RAN node. 
Proposal 2: Introduce a new bit within the Report Characteristics to request the performance of requested UE(s).
It is also noted that AI/ML based load balancing and mobility optimization use cases further require the UE performance measurement and/or QoS parameters of the handed-over UE from the offloaded neighbouring cell, as "input" and "feedback" for Model Training and Model Inference. 
	TR 37.817 [1] Section 5.2.2.4 Input of AI/ML based Load Balancing
From neighbouring NG-RAN Nodes:
- Current and predicted resource status
- UE performance measurement at traffic offloaded neighbouring cell
TR 37.817 [1] Section 5.2.2.6 Feedback of AI/ML-based Load Balancing
To optimize the performance of AI/ML-based load balancing model, following feedback can be considered to be
collected from NG-RAN nodes:
- UE performance information from target NG-RAN (for those UEs handed over from the source NG-RAN node)
- Resource status information updates from target NG-RAN
- System KPIs (e.g., throughput, delay, RLF of current and neighbours)
TR 37.817 [1] Section 5.3.2.4 Input of AI/ML based Mobility Optimization
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.
TR 37.817 [1] Section 5.3.2.6 Feedback of AI/ML-based Mobility Optimization
The following data is required as feedback data for 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.


Note that feedback information is basically for "performance feedback" of the past inferencing and thus one may think this should not be used as an input for the next inferencing. However, given we already agreed that they can be provided as feedback and the same info was agreed to be used as an input, there is no reason not to use them for the next inferencing, and we think feedback is indeed useful especially for model tuning purpose.  
Proposal 3: For AI/ML based load balancing and mobility optimization, AI/ML Model Training and Model Inference re-use UE performance feedback information from the previous iteration as input for Model Inference in the next iteration.
Additionally, as discussed in the companion contribution [3], the XnAP ID of the UE(s) impacted by handover strategy should be provided by the source NG-RAN node to the target NG-RAN node, so that the corresponding performance can be collected and reported. Therefore, the Resource Status Request message should also introduce a new field “UE to Report List” under “Cell To Report Item”, so that the XnAP ID(s) at source NG-RAN node of the handed-over UE(s) can be included in this “UE to Report List” in the Resource Status Request message.
Proposal 4: Add a new IE “UE to Report List” under the “Cell To Report Item” in the Resource Status Request message to include the XnAP ID(s) of the impacted UE(s) by the AI/ML based network energy saving strategy.
As for the UE performance at the target NG-RAN node, some metrics such as bitrate, packet loss and latency have been captured as examples in TR 37.817 [1]. First of all, based on our understanding, similar as other L2 measurements, the UE performance should be measured and collected at the network side, rather than being collected from the UE. There’s no need to impact air interface to let UE report new information as UE performance indicator.
Observation 1: UE performance is collected at the network side without impacting air interface.
Latency and packet loss defined in [5] as L2 measurement are collected by NG-RAN node, indicating per UE performance. Therefore, such information can be further propagated to the neighbouring NG-RAN node over Xn interface as a feedback of UE performance. The Resource Status Request message can be used to carry the related information, e.g. delay, RLC packet delay, PDCP packet delay, etc. Moreover, based on the UE throughput calculation defined in [6] and section 4.2.1.6 in [5], an individual UE throughput can also be collected by NG-RAN node, where the UE data volume refers to the total volume scheduled for the UE. 
	The granularity for PDCP SDU Data Volume measurement defined in TS 28.552 is per DRB per UE.
The granularity for Average UE throughput measurement defined in TS 28.552 is per UE and per DRB per UE.


Proposal 5: The Resource Status Update message includes the following information when “UE performance” is being requested in the Resource Status Request message:
· XnAP ID of the handed-over UE at source/target NG-RAN node
· Average over-the-air interface packet delay in the UL per DRB
· Average RLC packet delay in the UL per DRB
· Average PDCP packet re-ordering delay in the UL per DRB
· Packet Uu loss rate in the DL per DRB
· DL PDCP SDU Data Volume per DRB
· UL PDCP SDU Data Volume per DRB
· DL UE throughput in gNB
· UL UE throughput in gNB
Additionally, since Average over-the air interface packet delay in the UL per DRB/Average RLC packet delay in UL per DRB/Packet Uu loss rate in the DL per DRB are collected at MAC/RLC, respectively [5]. The F1 interface should also be enhanced to report such information to CU.
Proposal 6: Enhance F1AP to support the following information collection from DU to CU:
· Average over-the-air interface packet delay in the UL per DRB
· Average RLC packet delay in the UL per DRB
· Packet Uu loss rate in the DL per DRB
System KPI
As captured in [1], system KPI may include throughput, delay, RLF of the current and neighbouring NG-RAN nodes. Performance measurements for gNB are defined in TS 28.552 Section 5.1 [6], where NG-RAN can measure and collect its performance and report to upper layer. To receive system KPIs from the neighbouring NG-RAN nodes, those information (e.g. packet delay, radio resource utilization, UE throughput, RRC connection number, PDU session management, Mobility management, etc.) needs to be exchanged over Xn interface when system KPI is required by the Resource Status Request message.
Similarly for the UE performance discussed above, system KPI can also be treated as a new measurement object in resource status request/response/update procedure.
Proposal 7: Introduce a new bit within of the Report Characteristics to request the system KPI from the target NG-RAN node, where the following performance measurements for gNB defined in TS 28.552 [6] Section 5.1 are included in the corresponding Resource Status Update message as system KPI measurement report for throughput, delay and RLF:
· Packet delay in TS 28.552 [6] Section 5.1.1.1
· UE throughput in TS 28.552 [6] Section 5.1.1.3
· Mobility Management in TS 28.552 [6] Section 5.1.1.6
· Measurements related to MRO in TS 28.552 [6] Section 5.1.1.25
· PDCP Data Volume in TS 28.552 [6] Section 5.1.2.1
· Packet loss rate, packet drop rate, packet delay in TS 28.552 [6] Section 5.1.3
Predicted Information Request, Response and Update
The predicted resource status from the neighboring NG-RAN nodes is essential for all three use cases. Moreover, the predicted energy efficiency is additionally required for the AI/ML based network energy saving. Therefore, based on the discussion in companion contribution [3], it is better to define separate IEs to request/report the predicted energy efficiency and predicted resource status.
[bookmark: P5]Proposal 8: The Predicted Information Request/Response/Update messages include separate IEs to request/report the predicted energy efficiency and/or the predicted resource status.
Moreover, as proposed in the companion contribution [2], the Predicted Information Request message can further include validity time of the requested prediction and the Predicted Information Update message can include validity time and confidence level for the corresponding requested prediction.
Proposal 9: Predicted Information Request message includes validity time of the requested predicted information.
Proposal 10: Predicted Information Update message includes validity time and confidence level of the generated predicted information.
Conclusion
In this contribution, we discussed the common aspects of stage 3 of all three use cases, including AI/ML capability request/response, resource status request/response/update enhancement for UE performance of handed-over UE(s) and system KPI, and predicted information request/response.
We propose the following observations and proposals:
Observation 1: UE performance is collected at the network side without impacting air interface.
Proposal 1: AI/ML Capability Request/Response messages include separate IEs to request/respond its capability of supporting energy efficiency prediction and resource status prediction.
Proposal 2: Introduce a new bit within the Report Characteristics to request the performance of requested UE(s).
Proposal 3: For AI/ML based load balancing and mobility optimization, AI/ML Model Training and Model Inference re-use UE performance feedback information from the previous iteration as input for Model Inference in the next iteration.
Proposal 4: Add a new IE “UE to Report List” under the “Cell To Report Item” in the Resource Status Request message to include the XnAP ID(s) of the impacted UE(s) by the AI/ML based network energy saving strategy.
Proposal 5: The Resource Status Update message includes the following information when “UE performance” is being requested in the Resource Status Request message:
· XnAP ID of the handed-over UE at source/target NG-RAN node
· Average over-the-air interface packet delay in the UL per DRB
· Average RLC packet delay in the UL per DRB
· Average PDCP packet re-ordering delay in the UL per DRB
· Packet Uu loss rate in the DL per DRB
· DL PDCP SDU Data Volume per DRB
· UL PDCP SDU Data Volume per DRB
· DL UE throughput in gNB
· UL UE throughput in gNB
Proposal 6: Enhance F1AP to support the following information collection from DU to CU:
· Average over-the-air interface packet delay in the UL per DRB
· Average RLC packet delay in the UL per DRB
· Packet Uu loss rate in the DL per DRB
Proposal 7: Introduce a new bit within of the Report Characteristics to request the system KPI from the target NG-RAN node, where the following performance measurements for gNB defined in TS 28.552 [6] Section 5.1 are included in the corresponding Resource Status Update message as system KPI measurement report for throughput, delay and RLF:
· Packet delay in TS 28.552 [6] Section 5.1.1.1
· UE throughput in TS 28.552 [6] Section 5.1.1.3
· Mobility Management in TS 28.552 [6] Section 5.1.1.6
· Measurements related to MRO in TS 28.552 [6] Section 5.1.1.25
· PDCP Data Volume in TS 28.552 [6] Section 5.1.2.1
· Packet loss rate, packet drop rate, packet delay in TS 28.552 [6] Section 5.1.3
Proposal 8: The Predicted Information Request/Response/Update messages include separate IEs to request/report the predicted energy efficiency and/or the predicted resource status.
Proposal 9: Predicted Information Request message includes validity time of the requested predicted information.
Proposal 10: Predicted Information Update message includes validity time and confidence level of the generated predicted information.
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