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1 Introduction
In RAN3#110 E-meeting, the skeleton of related TR37.817 [1] was endorsed and the use cases for Artificial Intelligence in RAN and Potential Benefits were initially discussed, and following agreements achieved [2]: 

- 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)

- Augmented information should be studied case by case, e.g. history info, info needed for prediction, etc.

This contribution will address the use case description and potential solutions of Energy saving.
2 Discussion 
2.1 Use case description 
Energy Saving is a key issue for 5G networks. With the foreseen deployment of more number of network elements in NR, e.g., small base stations with massive MIMO in high-band, energy saving becomes even more urgent and challenging. Energy saving can be achieved through radiated power optimization on air interface (transmission power optimization and lean carrier design), enhanced hardware supporting different sleep mode and coordinated power optimization among different cells. One typical energy saving scenario is that capacity boosters are deployed under the umbrella of cells providing basic coverage, the capacity booster can be switched off when its capacity is no longer needed and to be re-activated on a need basis. 
Specific solutions could be applied in different scenarios. Manually selecting the power saving solution not only consumes a lot of manpower, but may also seriously affect network performance and user experience due to improper selection. AI technology can be used to predict the service load and user location distribution of each cell per temporal dimensions and intelligently select energy saving solutions for different scenarios and states, for example subframe shutdown, channel shutdown, carrier shutdown, deep sleep, device shutdown, etc. 
2.2 Solutions and standard impacts

Editor Note: Capture the solutions for the use case, including potential standard impacts on existing Nodes, functions, and interfaces
2.2.1 Working procedure 
Following are two possible working procedures of AI for use case energy saving, where the main difference lies in the location of model inference. In alternative 1, both the model training and model inference are located in OAM. Whereas in alternative 2, the model training is located in OAM and model inference are is in the gNB.
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Fig.1. Alt.1 Working procedure                              Fig.2. Alt.1Working procedure
Step 1. Data collection. gNB reports energy saving related data to the OAM, especially those may be influenced by the energy saving solutions. The data may include:

· The basic information of the cell and gNB, e.g., ID, location, carrier, the antenna downtilt angles, voltage, temperature, humidity consumption, disk usage, …
· Performance measurements, e.g., Virtual memory usage, Virtual disk usage, Number of active UEs, Number of active UEs in RRC_CONNECTED，Number of stored inactive UE contexts, PRB usage，Scheduled IP Throughput, Data Volume, …
· UE measurements, e.g., cell level and beam level RSRP/RSRQ/SINR of serving cell and neighbouring cells, …
· Traffic performance, e.g., QoS, QoE, DL/UL packet delay, …
Step 2. Model training. For energy saving, since the solution has some influence on nearby cells, it is beneficial to locate the model training in OAM, where global optimization could be achieved.
Step 3. Model inference. This function could be located in OAM or gNB, which needs more discussion. After obtaining the AI model, to achieve an optimized balance between the energy consumed and the performance provided by the network, the model inference could derive the analytics report or output data by analysing the above information comprehensively to assist the energy saving.
Step 4. Output data. OAM or gNB forwards the output data to related neighbouring gNBs, which may have some corresponding actions based on the output data. The output data may include:

· Recommended cell to enter the Energy saving state
· Energy saving solution for above Energy saving cell, e.g., subframe shutdown, channel shutdown, carrier shutdown, deep sleep, device shutdown, …

· Recommended candidate cells for taking over the traffic of the energy saving cell
· Time span of the Energy saving state

2.2.2 Input data
According to above discussion, the input data of energy saving use case may consist of following four parts: 

· The basic information of the cell and gNB, e.g., ID, location, carrier, the antenna downtilt angles, voltage, temperature, humidity consumption, disk usage, …
· Performance measurements, e.g., Virtual memory usage, Virtual disk usage, Number of active UEs, Number of active UEs in RRC_CONNECTED，Number of stored inactive UE contexts, PRB usage，Scheduled IP Throughput, Data Volume, …
· UE measurements, e.g., cell level and beam level RSRP/RSRQ/SINR of serving cell and neighbouring cells, …
· Traffic performance, e.g., QoS, QoE, DL/UL packet delay, …
2.2.3 Output data
The output data of energy saving use case may consist of:

· Recommended cell to enter the Energy saving state
· Energy saving solution for above Energy saving cell, e.g., subframe shutdown, channel shutdown, carrier shutdown, deep sleep, device shutdown, …

· Recommended candidate cells for taking over the traffic of the energy saving cell
· Time span of the Energy saving state

2.2.4 Standard impacts
The corresponding standard impacts of energy saving use case may include:
· The input data collection from gNB to OAM
· Model deployment and model performance feedback between OAM and gNB
· The output data forwarding from OAM to gNB or on Xn interface between gNBs
Proposal 1: RAN3 is kindly asked to discuss the energy saving use case and capture above information into the related TR 37.817. 
3 Conclusions
This contribution addresses the use case description and potential solutions of Energy saving, including the working procedure, input/output data, and standard impacts. We made following proposal:
Proposal 1: RAN3 is kindly asked to discuss the energy saving use case and capture above information into the related TR 37.817. 
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