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1. [bookmark: _Ref78977582]Use case description
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. Current NR design include the support of energy saving features limited to cell activation/deactivation. Even for the case of cell deactivation, the RAN node performs energy saving actions without considering the implication of the decision on the overall network energy consumption. 
In principle, efficient energy consumption can be achieved by other means such as reduction of load, coverage modification, or other RAN configuration adjustments. The optimal EE decision depends on many factors including the load situation at different nodes, RAN nodes capabilities, KPI/QoS requirements, number of active UEs and UE mobility, cell utilization, etc. 
Machine learning (ML) is an interesting tool that can be used to maximize the energy efficiency of the network by collecting relevant information and using that information to provide a suitable action beyond cell activation/deactivation. Lack of energy consumption feedback from neighbouring nodes makes it challenging to coordinate energy efficiency decisions. Such information can increase the potentials of an ML/AI algorithm. Hence, the use case described here focusses on the exchange of assistance information between RAN nodes and between UE and RAN for the purpose of improving energy efficiency at the RAN by means of AI/ML. 

Assistance information may include indication if a proposed action or request is associated to energy savings. For instance, currently a source RAN node may initiate a handover due to load. This mainly serves the case when the source node is overloaded. From energy saving perspective, in certain cases (e.g. low traffic load) it is also beneficial to move users to a neighbouring node, so to increase the possibility and/or duration of periods during which energy saving can be achieved. A handover due to load is mainly striving to improve end user performances. On the other hand, a HO due to energy saving is mainly trying to reach/improve energy efficiency targets at the network or operator side. Therefore, it is important that the target RAN knows the exact cause of an incoming HO so that it can apply appropriate admission control and prioritization of different requests. 

Another form of assistance information may include exchange knowledge related to the energy consumption of the network nodes that allows the said RAN nodes and their neighbours to gain a better understanding of the impact on the energy efficiency measured or predicted for one or more RAN nodes, due to planned/performed action/request where at least one the RAN nodes is involved. This information can be used by the RAN nodes to perform energy savings with more network-level awareness and/or in a coordinated manner.
 
[bookmark: _Ref78977459]RAN3 to introduce RAN node energy assistance information for enabling training of an AI/ML algorithm for selecting optimal network level energy saving configurations. Energy efficiency assistance information may include, e.g., information of RAN node energy consumption indication (effective or predicted), information indicating if the action/request is associated with energy savings 

Additionally, feedback information can be collected from UEs as a form of performance feedback to ensure that QoS is maintained regardless of the EE decision at the RAN, and that the UE energy consumption has not increased substantially after the RAN centric energy saving actions. The UE energy consumption can be reported as a relative value, for example an increase/decrease of x% after the network energy saving action.
[bookmark: _Ref78977965]RAN3 to discuss the introduction of UE performance and energy consumption feedback, to ensure that energy saving action do not impact end user performance and do not increase UE consumption.

In order to perform accurate energy saving configurations, one should also include UE related information, such as the UE assistance information of historical traffic or mobility history information. 

[bookmark: _Ref78977999][bookmark: _Ref78978280]RAN3 to discuss introduction of UE assisted information to improve RAN energy savings. Examples to be considered are historical UE traffic and/or mobility history information.

Moreover, it is beneficial for a RAN node to offload traffic to improve energy efficiency. Namely, it is possible to achieve an improved energy efficiency by reducing the load in a given set of cells and with that achieving lower energy consumption at radio level. The latter does not necessarily imply to offload all the traffic in a cell for the purpose of deactivating the cell, but only to reduce traffic loads in a cell to a level that allows to decrease energy consumption. For example, such a decrease in traffic load could allow turning off some RF elements that could enable energy saving. 
In order to enable such traffic offloading in an efficient manner, the source RAN would benefit from knowing if the offloading is possible at the target RAN. Namely, only if the target RAN node(s) can absorb the traffic to be offloaded, the source RAN would have an energy efficiency benefit. For this reason, it is opportune to study procedures where a source RAN node requests permission to offload a certain amount of traffic and where a target RAN node accepts or rejects. To ensure the possibility to achieve energy savings in a coordinated manner, it is beneficial to include energy consumption indication of the source and target nodes in the offload request and response messages, respectively. 
[bookmark: _Ref78978029]RAN3 to discuss procedures for traffic offloading for the purpose of energy efficiency improvements.

[bookmark: _Ref78978047]Agree on the text proposal around the standard impact in the appendix below.
2. Conclusion
In this paper we further elaborate the use cases concerning network energy saving using Artificial Intelligence.
The following proposals are derived:
Proposal 1:	 RAN3 to introduce RAN node energy assistance information for enabling training of an AI/ML algorithm for selecting optimal network level energy saving configurations. Energy efficiency assistance information may include, e.g., Information of RAN node energy consumption indication (effective or predicted), information indicating if the action/request is associated with energy savings 

Proposal 2:  RAN3 to discuss the introduction of UE performance and energy consumption feedback, to ensure that energy saving action don’t impact end user performance and do not increase UE consumption.

Proposal 3: RAN3 to discuss introduction of UE assisted information to improve RAN energy savings. Examples to be considered are historical UE traffic and/or mobility history information.

Proposal 4: RAN3 to discuss procedures for traffic offloading for the purpose of energy efficiency improvements.

Proposal 5:  Agree on the text proposal around the standard impact in the appendix below.
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5.X.2	Solutions and standard impacts
An example of high-level signaling flow for the case described is shown in the figure below.



Figure 5.X-2-1: Example of signalling exchange to enable AI/ML support for energy savings
Steps 1-3: describes RRC and F1AP signalling where NG-RAN node 1 can request and obtain UE assistance information.
Steps 4-6: describes XnAP signalling where NG-RAN node 1 can request and obtain predicted load metrics from NG-RAN node 2. By means of this procedure, NG-RAN node 1 can obtain input information including measured and predicted load metrics of NG-RAN node 2. NG-RAN node 2 can infer load predictions and NG-RAN node 2 can send them to NG-RAN node 1 using the Resource Status Update message.
Step 7: NG-RAN node 1 uses the information from the UE and from neighbour RAN nodes to take an energy efficiency action.
Steps 8-9: the NR-RAN node 1 can signal to NG-RAN node 2 an indication of a potential offloading action. NR-RAN node 1 may indicate that the cause of the offloading action is associated with energy savings target. The reason to request approval for the Energy Efficiency triggered offloading action is that an improved energy efficiency level may be achievable only if the whole traffic planned to be offloaded can be handed over to NG-RAN Node 2. For this reason, a positive response form NG-RAN Node 2 is essential, because otherwise a partial offloading from NG-RAN Node 1 to NG-RAN Node 2 would not produce any Energy Efficiency benefits.
Steps 10-12: describes XnAP signalling where NG-RAN node 1 can request and obtain energy consumption measures from NG-RAN node 2. Such energy consumption metrics may be signalled in relative terms (e.g. as delta changes with respect to previous readings) and may serve purely as feedback on the overall energy efficiency changes on source and target RAN. This step is useful to avoid that e.g. energy efficiency is deteriorated at the target more than what it is improved at the source.
Steps 13-15: describes RRC signalling where NG-RAN node 1 can request and obtain energy consumption and performance measures from the UE. Such metrics may be useful to, for example, evaluate whether the UE energy consumption and performance were affected by an energy saving action such as deactivation of an antenna array at NR-RAN node 1.
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