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Introduction
In R17 SI “Study on enhancement for data collection for NR and EN-DC”, the AI/ML functional framework and three use cases, i.e. energy saving, load balancing and mobility optimization, were studied and the corresponding solutions were captured in TR 37.817. In R18, a new WI “Artificial intelligence (AI) / machine learning (ML) for NG-RAN” is approved to continue the normative work, and the objective of this WI is as follows:
· [bookmark: _Hlk89695239]Specify data collection enhancements and signaling support within existing NG-RAN interfaces and architecture (including non-split architecture and split architecture) for AI/ML-based Network Energy Saving, Load Balancing and Mobility Optimization. (RAN3)
In this paper, we provide further considerations on the use case of energy saving and analyse the specification impact.
[bookmark: OLE_LINK462][bookmark: OLE_LINK463]Discussion
Input of AI/ML-based energy saving
In TR 37.817, the following information was identified as the candidate input data.
	[bookmark: _Toc97840233][bookmark: _Toc99489545][bookmark: _Toc100153150][bookmark: _Toc100154281][bookmark: _Toc100154490][bookmark: _Toc100154997]5.1.2.4 Input of AI/ML-based Network Energy Saving
To predict the optimized network energy saving decisions, NG-RAN may need following information as input data for AI/ML-based network energy saving:
From local node:
-	UE mobility/trajectory prediction
-	Current/Predicted Energy efficiency
[bookmark: _Hlk87285238]-	Current/Predicted resource status
From the UE:
-	UE location information (e.g., coordinates, serving cell ID, moving velocity) interpreted by gNB implementation when available
-	UE measurement report (e.g., UE RSRP, RSRQ, SINR measurement, etc), including cell level and beam level UE measurements
From neighbouring NG-RAN nodes:
-	Current/Predicted energy efficiency
-	Current/Predicted resource status
-	Current energy state (e.g., active, high, low, inactive)
If existing UE measurements are needed by a gNB for AI/ML-based network energy saving, RAN3 shall reuse the existing framework (including MDT and RRM measurements).



(1) UE mobility/trajectory prediction and related UE assistance information
The UE mobility/trajectory prediction includes e.g. the cell or SSB area into which the UE may move within a given time interval in the future. Based on such prediction, the NG-RAN node can decide e.g. whether to switch off a cell in advance or request activation of a switched-off cell. In existing MDT and RRM measurement procedures, the UE can report the location information (e.g. location coordinate, velocity estimate) and the cell/beam level measurements (e.g. RSRP, RSRQ, SINR) to NG-RAN node, based on which the NG-RAN node can make the prediction of UE mobility/trajectory. The existing information is enough for making such prediction, and additional UE assistance information e.g. future moving velocity and direction is not necessary.
1. There is no need to introduce new UE assistance information for UE mobility/trajectory prediction (e.g. future moving velocity and direction).
(2) Energy efficiency (EE)
The current/predicted EE of serving cells and neighbouring cells can help the NG-RAN nodes to decide which cell(s) to switch on/off. For example, if EE of the serving cell is low while EE of the neighbouring umbrella cell is normal, the NG-RAN node can offload the UEs to the neighbouring umbrella cells and switch off its serving cell, through which the overall EE of the network can be improved. Therefore, it is beneficial for NG-RAN nodes to exchange EE over Xn. To introduce EE over Xn, the following issues need to be studied.
· Definition of EE. In TS 28.554 (clause 6.7.1), the NG-RAN data Energy Efficiency is specified as follows:
	EEMN,DV
 - for non-split gNBs;                                   - for split-gNBs;


where PEE.energy denotes the energy consumption over a given measurement period. This definition can be reused for AI/ML based energy saving. Note that the R18 network energy saving (NES) SI may also study EE. If new definition of EE is to be standardized, we can further analyze which definition to adopt for AI/ML based energy saving.
· Area granularity of EE. As per the definition, EE can be measured with area granularity either per NG-RAN node or per cell, and ideally, it could also be per beam or per SSB area. However, in practise the energy consumption is measured on the hardware module (e.g. RRU/AAU, BBU), which is the energy consumption for the whole node/cell, and it is difficult to measure/calculate the ratio for individual beam or SSB area, which is also out of this WI scope. Therefore, the proper area granularity of EE should be per NG-RAN node or per cell.
· Measurement period of EE. The measurement period refers to the averaging window length of the measurement. Different energy saving schemes may require different measurement periods of EE. For example, the short-time TRP on/off scheme may need to know the EE in the past 1min, while the long-time carrier on/off scheme may need to know the EE in the past 1 hour. The required measurement periods for potential energy saving schemes need to be studied, and the recommended values include 0.5min, 1min, 5min, 30min. 
The current/predicted EE is exchanged over Xn. The definition of EE can reuse the NG-RAN data Energy Efficiency specified in TS 28.554, and the measurement period of EE needs to be studied. 
(3) Resource status
Similar with EE, the current/predicted resource status of serving cells and neighbouring cells can also help the NG-RAN nodes to decide which cell(s) to switch on/off. For example, if the resource usage of the serving cells and neighbouring umbrella cell are low or are predicted to be low within a certain time interval in future, the NG-RAN node can switch off its serving cell and offload the UEs to the neighbouring umbrella cells. Therefore, it is beneficial for NG-RAN nodes to exchange the current/predicted resource status over Xn. In existing Xn Resource Status Reporting procedures, the exchange of the current resource status is already supported, but the predicted resource status is not indicated. So, the Xn Resource Status Reporting procedures can be enhanced to support the predicted resource status. Correspondingly, the signaling of the predicted resource status over F1 needs be supported. As we could see similar discussions for load balancing in [2], we think the final mechanism could be used for both cases.
The predicted resource status is exchanged over Xn and F1, and the detailed mechanism could be applied to both energy saving case and load balancing case.
(4) Energy state
The energy state reflects the energy consumption level, e.g. active, high, low, or inactive. This parameter can be roughly inferred from other parameters such as EE and resource usage. So, if the EE and resource status are exchanged over Xn or F1, there is no need to exchange the energy state any more. 
There is no need to exchange the energy state over Xn/F1.
Output of AI/ML-based energy saving
In TR 37.817, the following information was identified as the candidate output data.
	[bookmark: _Toc97840234][bookmark: _Toc99489546][bookmark: _Toc100153151][bookmark: _Toc100154282][bookmark: _Toc100154491][bookmark: _Toc100154998]5.1.2.5	Output of AI/ML-based Network Energy Saving
AI/ML-based network energy saving model can generate following information as output:
-	Energy saving strategy, such as recommended cell activation/deactivation. 
-	Handover strategy, including recommended candidate cells for taking over the traffic
-	Predicted energy efficiency
-	Predicted energy state (e.g., active, high, low, inactive)
-	Model output validity time will be discussed during R18 normative work per inference output.


(1) Energy saving strategy and handover strategy
The candidate energy saving strategy includes the recommended cell activation/deactivation, which can be signalled over Xn or F1. Over Xn, the recommended cell activation is already supported in the Cell Activation procedure; while the recommended cell deactivation seems not necessary, since many input information e.g. EE/resource status is signalled to the neighbouring NG-RAN node, based on which the neighbouring NG-RAN node can decide which cell(s) to deactivate, and the extra gain of the recommended cell deactivation seems very limited. Over F1, CU is responsible for deciding which cell(s) to activate/deactivate and the signalling of the cell(s) to activate/deactivate at DU is already supported in the gNB-CU Configuration Update procedure.
The candidate handover strategy includes the recommended cell for offloading, which can be signalled over Xn. Similar with the analysis of the recommended cell deactivation over Xn, the recommended cell for offloading is not necessary given that other input information e.g. EE/resource status is signalled.
There is no need to exchange the recommended cell activation/deactivation and recommended cell for offloading over Xn/F1. The execution of energy saving strategy and handover strategy could be achieved with existing procedures.
(2) Predicted energy efficiency/energy state
This part is similar with section 2.2. The predicted EE on per cell basis can be exchanged over Xn, while the predicted energy state does not need to be signaled. 
(3) Validity time
The validity time is an essential parameter for AI/ML model. Over Xn/F1, the validity time can be indicated in an implicit way, i.e. the output information can be treated as valid if no new version of such information is received, just like the existing Xn/F1 procedures. Therefore, the validity time does not need not be signalled explicitly.
There is no need to introduce the validity time over Xn/F1.
Feedback of AI/ML-based energy saving
In TR 37.817, the following information was identified as the candidate feedback data.
	[bookmark: _Toc97840235][bookmark: _Toc99489547][bookmark: _Toc100153152][bookmark: _Toc100154283][bookmark: _Toc100154492][bookmark: _Toc100154999]5.1.2.6	Feedback of AI/ML-based Network Energy Saving
To optimize the performance of AI/ML-based network energy saving model, following feedback can be considered to be collected from NG-RAN nodes:
-	Resource status of neighbouring NG-RAN nodes
-	Energy efficiency 
-	UE performance affected by the energy saving action (e.g., handed-over Ues), including bitrate, packet loss, latency. 
-	System KPIs (e.g., throughput, delay, RLF of current and neighbouring NG-RAN node)


After executing the energy saving actions, the NG-RAN node may need to know the subsequent performance of both the network and the UEs, which is beneficial for evaluating and optimizing the AI/ML models. Among the performance information mentioned in the TR, some are already supported in specification or are discussed in previous sections (e.g. resource status, EE, RACH reports, Successful HO reports, RLF reports), and some can be roughly inferred from others (e.g. throughput, average delay can be roughly inferred from resource status). Therefore, the existing procedure can be reused to transfer the feedback information, and there is no need to introduce new procedures or IEs.
[bookmark: _Hlk109806139]The existing procedure can be reused to transfer the feedback information.
Conclusion
[bookmark: OLE_LINK3]In this paper, we discussed the specification impact of the AI/ML-based energy saving, and proposed the following: 
1. There is no need to introduce new UE assistance information for UE mobility/trajectory prediction (e.g. future moving velocity and direction).
1. The current/predicted EE is exchanged over Xn. The definition of EE can reuse the NG-RAN data Energy Efficiency specified in TS 28.554, and the measurement period of EE needs to be studied. 
1. The predicted resource status is exchanged over Xn and F1, and the detailed mechanism could be applied to both energy saving case and load balancing case.
1. There is no need to exchange the energy state over Xn/F1.
1. There is no need to exchange the recommended cell activation/deactivation and recommended cell for offloading over Xn/F1. The execution of energy saving strategy and handover strategy could be achieved with existing procedures.
1. There is no need to introduce the validity time over Xn/F1.
1. The existing procedure can be reused to transfer the feedback information.
The corresponding CRs to TS38.423 and TS38.473 are provided in [3] and [4].
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