3GPP TSG-RAN WG3 Meeting #117bis-e
R3-225702
E-Meeting, 10th – 18th Oct 2022
Agenda item:
12.2.2.1
Source:
Samsung

Title:
Discussion on Xn impact of AI/ML for NG-RAN
Document for:
Discussion & Decision
1 Introduction

The AI for RAN WI was approved to specify data collection enhancements and signaling support within existing NG-RAN interfaces and architecture for AI/ML-based Network Energy Saving, Load Balancing and Mobility Optimization.
The RAN3 117e meeting has agreed:

AI/ML based Energy Saving:

RAN3 focus on the cell-level energy saving strategy as a start point, to avoid overlapped discussion for network energy saving SI.

Predicted resource status information of neighbouring NG-RAN node(s) generated by the current NG-RAN node is internally used, and no standard impacts.

Regarding AI/ML based Energy Saving, the following information should be specified as a start point on the basis of TR37.817:

· Predicted resource status information over Xn

· UE performance (e.g, UL/DL throughput, packet delay, packet loss)
Current Energy Efficiency metric can be exchanged between RAN nodes for the energy saving use case.
Energy Efficiency constitutes a metric that reflects the energy consumption of a cell or a node. It is FFS what the granularity and exact coding of this metric is.
AI/ML based Load Balancing:

The following information should be specified as a start point on the basis of TR37.817:

· Predicted resource status information over Xn

· UE performance (e.g, UL/DL throughput, packet delay, packet loss)

AI/ML based mobility optimization:

The following information should be specified as a start point on the basis of TR37.817:

· UE performance (e.g., UL/DL throughput, packet delay, packet loss)

· Predicted resource status information over Xn

Predicted cell-granularity UE trajectory can be exchanged over Xn for AI/ML based mobility optimization.
There are several open issues left for further study.
Open issues:

FFS whether to use the existing procedure or dedicated new procedure for other input, output and feedback information.

Validity time for a prediction is used as a local node model output without standards impact, no consensus on whether validity time needs to be transferred over interface?
FFS what the exact node behaviour at reception of the Energy Efficiency metric will be.
FFS on how is energy efficiency represented in the Xn message.
Other granularity of UE trajectory, and how UE trajectory computation and representation over Xn needs to be further discussed.

Details of the solution how to transfer predicted UE trajectory over Xn interface can be discussed further, e.g., whether to reuse the existing message and whether to transfer in requested way or not.
FFS on whether UE associated procedure is needed. 

The Xn signaling design for 3 use cases.
In this contribution, the Xn interface impact for the agreed information is analyzed.

2 Discussion
Upon the progress, predicted resource status and UE performance affected by AI/ML related action are the common parts for all three use cases.
Predicted resource status information

The existing resource status reporting include three parts: request, response and update. It can flexibly support on-demand reporting or periodical reporting. Based on the agreement made in 117e meeting, the predicted information can be transferred based on requested. In addition, both current and predicted resource status are the input for three use cases. So it is better to report predicted resource status as the same manner of the existing procedure.
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Figure 1: Predicted resource status reporting procedure

Proposal 1: 
Predicted resource status reporting procedure should include request, response and update. 
For the request, it is to request the neighbour node to feedback the predicted resource status. This message should indicate the following information:

· registration request: to indicate the prediction start, end, add etc.

· requested cell list: to indicate for which cell the resource status should be predicted and reported.

· prediction content: to indicate which detailed information should be predicted.
· predicted reporting periodicity: for periodic reporting, this information is to show the reporting periodicity.
For predicted resource status response, it should include the confirmation of whether the node can do the requested prediction. Predicted resource status update is to report the detailed predicted content according to the request. The time interval for prediction results should be indicated to show the time interval when the results is valid. For example, the predicted results are for 5min later. If no such information, the node can not know the prediction results is for which time. If utilizing the results by wrong time, it is a wrong information for SON decision and the performance may be downgrading instead of optimizing.
Proposal 2: 
Predicted resource status request is to request the neighbour node to feedback the predicted resource status, including registration request, requested cell list, prediction content, predicted reporting periodicity. 
Proposal 3: 
Predicted resource status response is to confirm whether the node can do the requested prediction.

Proposal 4: 
Predicted resource status update is to report the detailed predicted content, and a time interval for prediction results should be added to show when the results are valid.
In existing procedure, DU and CUUP can send the warning indicator to CU/CUUP when overload happens by GNB-DU STATUS INDICATION, GNB-CU-UP STATUS INDICATION. The same principle can be applied to the predicted resource status. When predicted load status is high, nodes can send the predicted overload indication to peer node. 
Proposal 5: 
Predicted overload status information exchange can take Status Indication procedure as the baseline.
UE performance
UE performance affected by the AI/ML related action is a useful indicator to evaluate the action. The performance includes throughput, packet loss, and latency. It can be carried in the existing access and mobility indication, failure indication and handover report.
-
When radio link failure happens, carried in the Failure Indication. 

-
When handover failure event happens, carried in Handover Report.

-
Otherwise, carried in Access and Mobility Indication

Proposal 6: 
UE performance after AI/ML for NG-RAN action can be carried in Failure Indication, Handover Report or Access or Mobility Indication.
Cell-level energy saving strategy

As one of the output data of AI/ML model inference, the energy saving strategy can be the action for a time point/period for future. For example, a node predicts the cell will be switched off in one minute. The node can exchange such predicted energy saving strategy (i.e. predicted cell switch-on/off decision) with its neighbours to inform the action plan in advance, so the neighbour cells can take it as reference information to make proper decision (such as UE handover, load transferring, switch on/off and so on) to avoid the unnecessary handover, handover ping-pong, switch-off/on ping-pong, local overload etc. Hence, it is beneficial for maintaining the network stability and user experience.
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Figure 2: Predicated energy saving strategy exchange
Proposal 7: 
The predicated energy saving strategy (e.g. predicted cell switch-on/off decision) can be exchanged with neighbor nodes to provide reference information for optimization decisions (e.g. handover, load balancing, energy saving, etc.).
Proposal 8: 
The energy saving strategy exchange via NG-RAN node configuration update should be enhanced by adding time for switch-off to show the when the cell switch-off will take place.

Energy Efficiency
Energy efficiency is defined as the ratio of data volume and energy consumption in TS 28.554, which we can reuse the definition. It can be regarded as a type of resource status for base station. Thus, current energy efficiency can take resource status reporting procedure as the baseline. For predicted energy efficiency prediction, it can be embedded into the predicted resource status reporting. For the current/predicted energy efficiency, there are two type of behaviours:

· Before the ES action, the node can set the energy saving decision.

· After the ES action, the node can evaluate whether the decision is good or not. It can avoid the local energy-saving but global energy-consuming. For example, the energy efficiency of decision node is improved after ES action, but that of neighbour cells are all dramatically decreased, so the decision/action is improper.
Proposal 9: 
Energy efficiency can be defined as the ratio of data volume and energy consumption.
Proposal 10: 
The current/predicted energy efficiency reporting can be embedded into current/predicted resource status reporting respectively. 
Predicted cell-granularity UE trajectory
For UE trajectory prediction, AI/ML model can help to predict the UE trajectory for the following time period by exploring the trend of historical position data, so that the handover strategy can take the predicted trajectory information as reference. In details, predicted UE trajectory information helps to select the proper target node/cell to alleviate the wrong handover cases, and set the precise handover time to avoid too early/late handover, resulting in reduced failure rate. Thus, the handover efficiency is improved to optimize mobility management. As the UE trajectory is for mobility optimization and it is UE associated information, it is natural that it is better to be carried via UE-associated signaling.
For high-mobility UEs, the collected data amount of a small-coverage cell (i.e. mmW cell) is small, which is not sufficient for AI/ML model to generate accurate predicted UE trajectory information. And the node capability to support AI/ML model is diverse, so there may exist some nodes with no ability for AI/ML model inference or the function for UE trajectory prediction. Thus, exchanging predicted UE information is beneficial for node to get the accurate predicted UE position information and set the proper further mobility optimization strategy to improve the handover robustness and efficiency. Additionally, it can be carried in the handover procedure.
Proposal 11: 
Predict UE trajectory information can be carried in handover procedure.
For the other granularity, such as coordinate, the location information can be collected via MDT procedure with user consent. 
CommonLocationInfo-r16 ::= SEQUENCE {
    gnss-TOD-msec-r16          OCTET STRING     OPTIONAL,

    locationTimestamp-r16      OCTET STRING     OPTIONAL,

    locationCoordinate-r16     OCTET STRING     OPTIONAL,

    locationError-r16          OCTET STRING     OPTIONAL,

    locationSource-r16         OCTET STRING     OPTIONAL,

    velocityEstimate-r16       OCTET STRING     OPTIONAL
}
It can be discussed later after the cell-level granularity.

Observation 1: 
The other granularity such as coordinate can be discussed after the cell-level. MDT can be the baseline to collect coordinate information.
Other potential impacts for energy saving and load balancing

Energy saving strategy, such as recommended cell activation/deactivation, is one of the output for energy saving based on the R17 SI. 
For energy saving, handover strategy is to handover the remaining traffic to other cells to prepare for cell switch-off. AI/ML model generates the predicted traffic/load transferring action for a period for future. For example, a node predicts it will switch off in the future and generates the predicted handover strategy or load transferring plan in advance to avoid local overload and consecutive handover. If the target neighbor node can not accept the load, the node can make other proper candidate plans to guarantee the successful handover/transferring. Otherwise, the energy saving action may be delayed due to remaining load that has not transferred out successfully. Thus, it is beneficial for energy saving plan.
Selection of target cell for load balancing and the predicted UE(s) selected to be handed over to target NG-RAN node are the two types of output for load balancing. AI/ML model generates the predicted load transferring action for a period for future. For example, a node predicts it needs to transfer a certain amount of load to a neighbour node. The node can exchange such predicted load balancing strategy with its neighbours to confirm the transferring plan in advance. If the target node rejects the plan, the node can change to other alternative plans to secure the performance of load offloading and handover. Thus, it is beneficial for load transferring efficiency and load balancing.
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Figure 3: Predicated load transferring plan exchange for energy saving and load balancing
Proposal 12: 
The predicated load transferring plan can be exchanged with neighbor cells to confirm the load transferring in advance.
Other potential impacts for mobility optimization
UE traffic is a vital factor for resource allocation decision. The existing mechanism supports node to collect the current traffic information of a UE. However, the traffic is time-varying without fixed pattern, so that the current traffic based resource allocation decision can not fit for the new traffic volume in next time slot. The service requirement for emerging applications is stringent, the performance may be downgraded when the resource is not sufficient for the traffic volume. To avoid resource waste or performance downgrading due to allocated resource shortage, a proactive is required to reserve resource or allocate the proper resource for the new traffic. UE traffic prediction can provide such proactive information for node. The node can adjust the resource allocation decision in advance to overcome the traffic change to maintain the satisfactory and stable performance.

For mobility optimization for UEs, the target node has no sufficient knowledge of UE traffic information. So for handover, it is difficult for target UE to set the proper resource allocation decision for this UE, which may results in poor performance during handover procedure. To maintain the QoS or QoE, the predicted traffic information from source node can benefit for the setting of target node for this UE. Hence, exchanging predicted UE traffic information can help node to obtain the accurate predicted UE traffic volume and set the proper resource allocation decision to improve the performance during mobility.

Proposal 13: 
The predicted traffic information can be carried in handover procedure to provide reference information for target node to allocate resources.
The QoS requirements for emerging services are stringent. How to select a suitable target node for handover to guarantee the QoS performance meeting service requirements is a main problem addressed in mobility optimization. The QoS performance is related to the multiple factors such as channel quality, resource allocation, etc. Due to the variability of these parameters, the current status based decision can not foresee the actual performance for the UE with the connection of target node. With the help of AI/ML, the node can predict the achievable QoS parameters based on the resources, channel quality, and historical collected QoS parameters. It can provide information for neighbor node to make mobility decision, so that the actual QoS performance can be guaranteed to meet the target. In details, the node receives the predicted achievable QoS parameters from neighbors. When the node needs to make the handover decision of one UE with a certain applications, the node can select a target cell whose predicted achievable QoS performance is better than or equal to the UE application requirements. Hence, the predicted achievable QoS from neighbor nodes can be exchanged to provide information for mobility optimization decision.

Proposal 14: 
Predicted achievable QoS parameters can be exchanged to provide information for mobility optimization decision.
3 Conclusion

RAN3 is requested to discuss and if possible agree on the following proposals:
Proposal 1: 
Predicted resource status reporting procedure should include request, response and update. 
Proposal 2: 
Predicted resource status request is to request the neighbour node to feedback the predicted resource status, including registration request, requested cell list, prediction content, predicted reporting periodicity. 
Proposal 3: 
Predicted resource status response is to confirm whether the node can do the requested prediction.

Proposal 4: 
Predicted resource status update is to report the detailed predicted content, and a time interval for prediction results should be added to show when the results are valid.

Proposal 5: 
With regard to the predicted resource status from local node, predicted overload status information exchange can take Status Indication procedure as the baseline.
Proposal 6: 
UE performance after AI/ML for NG-RAN action can be carried in Failure Indication, Handover Report or Access or Mobility Indication.
Proposal 7: 
The predicated energy saving strategy (e.g. predicted cell switch-on/off decision) can be exchanged with neighbor nodes to provide reference information for optimization decisions (e.g. handover, load balancing, energy saving, etc.).
Proposal 8: 
The energy saving strategy exchange via NG-RAN node configuration update should be enhanced by adding time for switch-off to show the when the cell switch-off will take place.

Proposal 9: 
Energy efficiency can be defined as the ratio of data volume and energy consumption.

Proposal 10: 
The current/predicted energy efficiency reporting can be embedded into current/predicted resource status reporting respectively.
Proposal 11: 
Predict UE trajectory information can be carried in handover procedure.

Observation 1: 
The other granularity such as coordinate can be discussed after the cell-level. MDT can be the baseline to collect coordinate information.
Proposal 12: 
The predicated load transferring plan can be exchanged with neighbor cells to confirm the load transferring in advance.
Proposal 13: 
The predicted traffic information can be carried in handover procedure to provide reference information for target node to allocate resources.
Proposal 14: 
Predicted achievable QoS parameters can be exchanged to provide information for mobility optimization decision.
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