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[bookmark: _Ref462817227]Introduction
[bookmark: _Ref462918989]At RAN3#112-e Load Balancing has been agreed as one of prioritized use case for Artificial Intelligence in RAN. A first draft of TP for TR 37.817 is described in R3-212807.
This paper discusses additional aspects of the use case, providing further input to the TR 37.817.
[bookmark: _Toc461106288]Load balancing using AI/ML
Optimization of Load Balancing is not an easy task and, as already discussed, AI/ML could be used to improve load balancing performance. 
ML models can use different types of input to assist load balancing decisions of a RAN node, e.g.:
· already specified load metrics measured at the same RAN node or obtained from other RAN nodes. 
· UE information related to traffic or UE movements. 
For example, a gNB can request UEs to report assistance information (e.g. packet size, packet delay, next packet arrival time, traffic patterns, UE speed). A gNB receiving this information can derive load related measurements e.g. infer cell-level information related to future load metrics (e.g. CAC, Radio resource utilization etc.) or traffic metrics related to cells or SSB beams under its control, as well as for cells or SSB beams controlled by a neighbor RAN node.
In terms of standard impact, existing signaling procedures can be reused and extended to exchange load metrics predictions between RAN nodes. 
For example, existing Resource Status Reporting Initiation and Resource Status Reporting procedures can be extended to support the request and the reporting of predicted load metrics (such as Radio Resource Status, Composite Available Capacity, etc.).
With respect to new information coming from the UE, we foresee either the introduction of new measurements from the UE, or enhancements of existing information reported by the UE. Examples are:
· The UE may report its speed (e.g. an average speed on a per cell basis) as part of the UE History Information from the UE
· The UE may report assisting information related to traffic (e.g. an indication of generated traffic) to the serving RAN, which may help understanding future load at the RAN. Such assisting information related to traffic are based on actual end-user data and UE needs. 
· The UE may report its location information, that combined with the UE speed may allow the RAN to derive the next mobility target of the UE and therefore it allows to predict a shift of load towards neighbour cells.

Proposal 1  Existing Mobility Load Balancing procedures for can be reused to request and send load metric predictions for an NG-RAN node
Proposal 2  RAN3 to discuss use of assistance information related to UE traffic to improve Mobility Load Balancing
For better load balancing decisions, supporting information can be provided to a RAN node together with predicted load metric values, that the RAN node can use to assess the validity of the predictions, e.g. the validity time , and an estimated accuracy. 
Proposal 3  A RAN node can receive information to assess the validity of predictions, e.g. a validity time and an estimated accuracy. 
A TP for TR 37.817, related to the load balancing use case, is proposed in Appendix.
Proposal 4  RAN3 to agree on provided TP concerning solutions and standard impacts. 

Conclusion
In this paper we further elaborate the use cases concerning Load Balancing using Artificial Intelligence. 
Proposal 1  Existing Mobility Load Balancing procedures for can be reused to request and send load metric predictions for an NG-RAN node
Proposal 2  RAN3 to discuss use of assistance information related to UE traffic to improve Mobility Load Balancing
Proposal 3  A RAN node can receive information to assess the validity of predictions, e.g. a validity time and an estimated accuracy. 
Proposal 4  RAN3 to agree on provided TP concerning solutions and standard impacts. 
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[bookmark: _Toc55814334]5       Use Cases and Solutions for Artificial Intelligence in RAN
[bookmark: _Toc55814338][bookmark: _Toc55814335]5.X	Load Balancing
[bookmark: _Toc55814339]5.X.1	Use case description
The rapid traffic growth and multiple frequency bands utilized in a commercial network make it challenging to steer the traffic in a balanced distribution. To address the problem, load balancing had been proposed. The objective of load balancing is to distribute load evenly among cells and among areas of cells, or to transfer part of the traffic from congested cells or from congested areas of cells, or to offload users from one cell, cell area, carrier or RAT to improve network performance. This can be done by means of optimization of handover parameters and handover actions. The automation of such optimisation can provide high quality user experience, while simultaneously improving the system capacity and also to minimize human intervention in the network management and optimization tasks.
However, the optimization of the load balancing is not an easy task as follows:
· Currently the load balancing decisions relying on the current/past-state cell load status are insufficient. The traffic load and resource status of the network changes rapidly, especially in the scenarios with high-mobility and large number of connections, which may lead to ping-pong handover between different cells, cell overload and degradation of user service quality.
· It is difficult to guarantee the overall network and service performance when performing load balancing. For the load balancing, the UEs in the congested cell may be offloaded to the target cell, by means of handover procedure or adapting handover configuration. For example, if the UEs with time-varying traffic load are offloaded to the target cell, the target cell may be overloaded with new-arrival heavy traffic. It is difficult to determine whether the service performance after the offloading action meets the desired targets.
To deal with the above issues, solutions based on AI/ML model could be introduced to improve the load balancing performance. Based on collection of various measurements and feedbacks from UEs and network nodes, historical data, etc. ML model based solutions and predicted load could improve load balancing performance, in order to provide higher quality user experience and to improve the system capacity.

5.X.2	Solutions and standard impacts
To increase the awareness of the traffic dynamics and enable more improved traffic steering decisions it is possible to complement load measurements currently exposed over RAN interfaces with information related to measured and predicted traffic from UE as well as predicted load from neighbouring RAN nodes. 
· A RAN node can request and obtain assistance information related to UE traffic, based on real end-user behavior. This provides RAN with insights on the UE traffic. This mechanism implies configuring a UE to collect and report such assisting information on traffic over RRC protocol, RAN2 needs to be consulted for that. 
· A RAN node can also predict its own load as well as the load of a neighbouring RAN node. This can be achieved by considering the own load, load information received from neighbour RAN nodes, and assistance information related to traffic from UEs. Finally, RAN predictions can be signalled between RAN nodes. This second mechanism has an impact on RAN3 protocols, such as XnAP, X2AP, F1AP, E1AP to be discussed during the normative phase.

An example of high-level signalling 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 load metric predictions
Steps 1-2 describe an example of RRC and F1AP signalling where NG-RAN node 1 can request and obtain UE traffic related information.
Steps 3-5 describe an example of F1AP signalling where a gNB-CU can request and obtain predicted load metrics from a gNB-DU.
Steps 6-8 describe an example of 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 1 can infer load predictions and NG-RAN node 1 can send them to NG-RAN node 2 using the same signaling pattern, starting with the NG-RAN node 2 sending RESOURCE STATUS REQUEST to NG-RAN node 1.
1. The gNB-CU sends a request to the UE to report traffic related information. Traffic related information can include assistance information on user traffic (e.g. Enhanced UE History Information, UE speed, data rate, packet size, packet delay, next packet arrival time)
2. The UE sends to the gNB-CU a measurement report including assistance information on traffic.
3. The gNB-CU initiates a Resource Status Reporting procedure towards the gNB-DU, and sends a RESOURCE STATUS REQUEST message to the gNB-DU. The RESOURCE STATUS REQUEST contains a request to start Resource Status Reporting for predicted load metrics (e.g. predicted number of active UEs, predicted RRC Connection, predicted Composite Available Capacity) and associated information (e.g. validity time, a prediction uncertainty).
4. The gNB-DU sends a RESOURCE STATUS RESPONSE message to the gNB-CU. The gNB-DU may indicate details on the nature of the predictions it can provide, e.g. the uncertainty the prediction can be generated at. 
5. The gNB-DU initiates a Resource Status Reporting Initiation procedure and sends RESOURCE STATUS UPDATE message(s) to the gNB-CU, including predicted load metrics (e.g. predicted number of active UEs, predicted RRC Connection, predicted Composite Available Capacity) and associated information (e.g. time of prediction and prediction accuracy).
6. The NG-RAN node 1 initiates a Resource Status Reporting procedure towards the NG-RAN node 2 and sends a RESOURCE STATUS REQUEST message to the NG-RAN node 2. The RESOURCE STATUS REQUEST contains a request to start Resource Status Reporting for predicted load metrics (e.g. predicted number of active UEs, predicted RRC Connection, predicted Composite Available Capacity) and associated information (e.g. time of prediction and prediction accuracy).
7. The NG-RAN node 2 sends a RESOURCE STATUS RESPONSE message to the NG-RAN node 1. The NG-RAN node 2 may indicate full support or partial support for the requested predicted load metrics.
8. The NG-RAN node 2 initiates a Resource Status Reporting Initiation procedure towards NG-RAN node 1 and sends RESOURCE STATUS UPDATE message(s) to the NG-RAN node 1, including predicted load metrics and associated information.
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