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[bookmark: _Ref462817227]Introduction
[bookmark: _Ref462918989]As described in RP-201620, the study on AI/ML in RAN3 will focus on the following:
“This study item aims to study the functional framework for RAN intelligence enabled by further enhancement of data collection through use cases, examples etc. and identify the potential standardization impacts on current NG-RAN nodes and interfaces.  
The detailed objectives of the SI are listed as follows:
Study high level principles for RAN intelligence enabled by AI, the functional framework (e.g. the AI functionality and the input/output of the component for AI enabled optimization) and identify the benefits of AI enabled NG-RAN through possible use cases e.g. energy saving, load balancing, mobility management, coverage optimization, etc.:
[…]
a. [bookmark: OLE_LINK6][bookmark: OLE_LINK7]Study standardization impacts on the node or function in current NG-RAN architecture to receive/provide the input/output data.
b. Study standardization impacts on the network interface(s) to convey the input/output data among network nodes or AI functions.
One general objective for the work is that the studies should be focused on the current NG-RAN architecture and interfaces to enable AI support for 5G deployments.”
This paper presents an overview on our understanding on the proposed use cases, the details for each use case are proposed in R3-212315 and R3-212316. 
[bookmark: _Toc461106288]Discussion 
As seen from the SI description above, the study to be carried out in RAN3 should be based on use cases. 
It was agreed at RAN3-110e and confirmed at RAN3-111e that:
“As a starting point, focus on at least the following use cases: Energy saving, load balancing, traffic steering/mobility optimization (other use cases, e.g. optimization of physical layer parameters, are not precluded)”
Considering the detailed discussions the prioritized use cases are generating, and the limited time allocated to the SI, it is suggested to first aim at progressing sufficiently the prioritized use cases before opening up for new use cases analysis.
It is proposed to sufficiently progress the prioritized use cases on energy saving, load balancing, traffic steering/mobility optimization, i.e. at least by identifying their impact on the specifications, before considering any new use case.
With the above proposal in mind, this paper focuses on providing an overview analysis of the prioritized use cases.

Energy Efficiency Use Cases
The agreed use case on energy efficiency should both investigate how to reduce the energy consumed at the UE and in the RAN. 
UE Energy efficiency
In order to apply configurations that improve UE energy efficiency, the network must understand the actual UE power saving (PS) benefits expected, the NW capacity and QoS impacts, and use these trade-offs to determine which UE PS measures can be justified.
The standardized methods and broadly accepted UE PS models today allow the NW to qualitatively predict the benefits to UEs, but the NW lacks information on how a certain configuration actually affects the UE energy consumption. Hence, it is proposed to investigate standard impacts that can enable deploying machine learning techniques at the NW side to increase the PS at the UE. One possibility, for example, is to study new UE feedback information reflecting its energy consumption.
It is proposed to investigate standard support to enable machine learning at the network side to increase the power savings at the UE, such as the introduction of new UE feedback information reflecting the UE’s energy consumption or UE power savings.

RAN energy efficiency
One attractive solution to cope with the increase in data traffic is network densification either by adding more macro cells or small cells complementing the macro layer. Generally, mobile network deployments are dimensioned with respect to peak traffic demands. However, this extreme capacity is not needed all the time since traffic varies. From both a cost and energy consumption point of view, it is not optimal if additional booster cells or layers are operating all the time. 
It is important to address energy efficiency also from a RAN point of view, and for that RAN3 could study the standard impact  required to support advanced energy efficiency solutions with respect to RAN nodes, such as:
· Exchanging information between RAN nodes, describing if a certain RAN action is taken due to energy efficiency
· Exchanging of RAN node energy-related information between RAN nodes
· Exchanging performance feedback related to a certain energy efficiency action taken in another RAN node

In addition, solutions aiming at optimizing the energy efficiency of the RAN node operation could benefit from UE assistance information, such as the traffic information and mobility patterns related to the served users as well as to users camping in neighboring cells. Thereby, RAN3 could additionally investigate the benefit and standard impact of introducing new UE assistance information in support of RAN node energy efficiency solution, such as:
· UE traffic prediction
· UE mobility prediction
· UE performance feedback

[bookmark: _Hlk70415837]It is proposed to investigate a RAN-based Energy Efficiency solutions to achieve better energy consumption at the RAN, for example by means of exchange of this information.
· Exchanging information between RAN nodes, describing if a certain RAN action is taken due to energy efficiency
· Exchanging of RAN node energy-related information between RAN nodes
· Exchanging performance feedback related to a certain energy efficiency action taken in another RAN node
· UE traffic prediction
· UE mobility prediction
· UE performance feedback


Traffic steering using AI/ML
With Rel-16 some tools have been enabled to facilitate traffic steering decisions at a gNB, e.g. via Mobility Load Balancing or resource aggregations at gNB. 
Rel-17 normative work is ongoing to enhance such SON aspects, to increase the awareness of a gNB in terms of load, coverage and capacity aspects of neighboring nodes, so that a RAN node can take more informed decisions to handle the traffic. 
It is understood that one common aspect across different NR features under development is that information exchanged over various signaling interfaces (XnAP, X2AP, F1AP, E1AP), and related to load metrics,  indicates the result of measurements collected during a past measurement period.
Traffic steering can be improved by providing input to AI/ML at RAN using the following information:
· UE traffic related predictions
· RAN load predictions
· UE related feedbacks (for handover or dual connectivity)
· RAN related feedbacks (for handover or dual connectivity)

RAN3 to discuss the following improvements related to Traffic Steering:
· Improved Mobility Load Balancing decisions using UE traffic related predictions and RAN load predictions
· Improved Handover decisions and Dual Connectivity configurations using UE related feedbacks and RAN related feedbacks


Non prioritized use cases 
Due to the limited time allocated for the study item, it is proposed to first discuss the prioritized use cases listed above. However, it is important to highlight that there are a multitude of other use cases that can benefit from AI/ML. One of such use case is link adaptation. Enabling a RAN node to infer link adaptation parameters for a UE session based on an AI/ML algorithm may require additional information to be made available at the RAN node, such as richer channel state information compared to the legacy CSI feedback. As such, new types of UE measurements and/or feedback could be studied to improve link adaptation with AI/ML. Additionally, one may consider studying assistance information exchanged between RAN nodes to either train/update an AI/ML algorithm for link adaptation or to help the target node of a mobility event to warm start the link adaptation algorithm for the new UE.  
Therefore, while RAN3 may identify additional use cases in the course of the SI which may share similar requirements as the currently prioritized use case to enable AI/ML based solutions, e.g. in terms of making available at the RAN nodes additional information related to prediction of traffic and/or mobility patterns, it is proposed to consider such use cases with lower priority until the currently prioritized use case are properly studied.
Proposal 5: It is proposed to consider the Link Adaptation use case as low priority
Conclusion
The paper provides an overview of the prioritized use cases and the general standard impacts for each use case.
In this contribution, the following proposals are captured:
1. It is proposed to sufficiently progress the prioritized use cases on energy saving, load balancing, traffic steering/mobility optimization, i.e. at least by identifying their impact on the specifications, before considering any new use case.
1. It is proposed to investigate standard support to enable machine learning at the network side to reduce the energy consumption at the UE, such as the introduction of new UE feedback information reflecting the UE’s energy consumption.
It is proposed to investigate a RAN-based Energy Efficiency solutions to achieve better energy consumption at the RAN, for example by means of exchange of this information.
· Exchanging information between RAN nodes, describing if a certain RAN action is taken due to energy efficiency
· Exchanging of RAN node energy-related information between RAN nodes
· Exchanging performance feedback related to a certain energy efficiency action taken in another RAN node
· UE traffic prediction
· UE mobility prediction
· UE performance feedback
RAN3 to discuss the following improvements related to Traffic Steering:
· Improved Mobility Load Balancing decisions using UE traffic related predictions and RAN load predictions
Proposal 5: It is proposed to consider the Link Adaptation use case as low priority



