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Introduction
As part of Rel-18 Work Item on Artificial Intelligence (AI)/Machine Learning (ML) for NG-RAN [1], 3GPP has agreed to the following RAN3 led objectives:

	
· 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)





[bookmark: OLE_LINK104]This contribution discusses signaling support for predicted load information and UE trajectory information to support AI/ML-based NG-RAN use cases in Rel-18. 

[bookmark: OLE_LINK114]Signaling support for AI/ML NG-RAN Use Cases
Optimization is a fundamental challenge in deploying large-scale cellular networks as configuration and adaptation of system parameters can have significant impact on key performance indicators (KPIs) such as system capacity, user QoE, latency, reliability, coverage, and numbers of active users, etc. There is a significant interest and need for networks to automate analytics/data collection and processing as well as convert the data into actions or policies for near-real time or real-time network management. The same industry trends which enable network virtualization and deployment of low-latency/high bandwidth services are also making application of power Artificial Intelligence (AI) tools such as machine learning (ML) algorithms to 5G networks feasible and scalable. 
AI/ML algorithms rely on historical data for deriving system models and training as well as real-time or near-real-time data collection to adapt to different network conditions. Many of these use cases have common requirements in terms of data collection and KPIs for monitoring. 
At the same time, different use cases can have vastly different requirements in terms of the impact on network nodes or functionalities. Load balancing and mobility optimization for example may span across multiple parts of the 5G network architecture including the core network, OAM, and RAN itself. 
This implies that the appropriate implementation of different AI/ML techniques may involve multiple interfaces, signalling procedures, and processing requirements (including requirements on data aggregation or co-location with different nodes/functions). 
During RAN3#117e, the following agreements were reached regarding signaling on Xn to support network energy saving, load balancing, and mobility optimization AI/ML use cases: 
The new procedure for reporting of AI/ML related information, e.g., predicted information, should be based in a requested way, like resource status report procedure.
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)
[bookmark: OLE_LINK101]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
[bookmark: OLE_LINK119]Predicted cell-granularity UE trajectory can be exchanged over Xn for AI/ML based mobility optimization.
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.

[bookmark: OLE_LINK115]Predicted Resource Status Information
The predicted resource status information over Xn is a new metric that will enable neighboring gNBs to optimize the decision making process for traffic steering or handover procedures which is especially critical for 5G networks as they are heterogenous in terms of frequency bands/ranges, macro and small cell deployments, diverse service offerings and traffic characteristics, and coexistence of different architectures including centralized virtual RAN functions and distributed nodes to support latency-sensitive edge computing and private networks.
[bookmark: OLE_LINK120][bookmark: OLE_LINK109]Depending on the deployment characteristics, traffic load, mobility status of UEs, and the gNB AI/ML capabilities, the granularity of the predicted resource status information may be highly variable. For example, in a low load scenario the predicted resource status may be a constant value for a long period of time (or at least with low variance under a pre-defined high load threshold), while in a high load or scenario with lots of dynamic mobility (e.g. during a commuter rush hour) the predicted resource status may have a high variance with frequent changes during a short period of time. As a result, a single value corresponding to a fixed time duration may not be feasible to support the large variety of practical scenarios where a load balancing or mobility optimization procedure is performed. Instead, the predicted resource status information over Xn should be associated with a configurable time duration and/or time interval until the next prediction is available. 
[bookmark: OLE_LINK112]Proposal 1: The predicted resource status information over Xn should be associated with a configurable time duration and/or time interval until the next prediction is available.

[bookmark: OLE_LINK117][bookmark: OLE_LINK113]In addition, since the predicted resource status information should be requested over Xn using an on-demand procedure, the requesting node should be able to request a time duration for the predicted resource status information based on what would be useful for its own AI/ML model training and/or inference algorithms. 
[bookmark: OLE_LINK116]Proposal 2: The requesting node should be able to indicate a desired time duration for the predicted resource status information over Xn.

Predicted UE Trajectory Information
[bookmark: OLE_LINK118]The predicted UE trajectory information over Xn is a new metric that will enable neighboring gNBs to determine candidate UEs for handovers as well as support optimization of mobility parameters such as handover timers and thresholds. This information is especially critical for 5G networks since at higher frequencies due to the use of beamforming, individual UE-level handover decision making based on the relative geographic location and context is beneficial to avoid early or late handovers or “ping-pong” mobility scenarios caused by static or global parameter settings. While cell-level granularity is already agreed to be supported in Rel-18, if supported by the gNB, additional granularity at the beam-level and the absolute UE position information (e.g. lat/long/height) should also be supported to further refine and improve the precision of the AI/ML model training and inference algorithms which convert the trajectory information into handover decisions.  
[bookmark: OLE_LINK123]Proposal 3: Beam-level granularity and absolute position (e.g. lat/long/height) information should be supported for the predicted UE trajectory over Xn in addition to cell-level granularity.

Also, as discussed in the previous section for predicted resource status information, the predicted UE trajectory information over Xn should be associated with a configurable time duration and/or time interval until the next prediction is available. This is in addition to the UE speed estimate from the gNB which can be used with the location granularity to determine a geographic area in the coverage of the target and source cells where handover decisions based on the predicted information may be most relevant for consideration by AI/ML model training or an inference algorithm. 
[bookmark: OLE_LINK122]Proposal 4: The predicted UE trajectory information over Xn should be associated with a UE speed, configurable time duration, and/or time interval until the next prediction is available.

In addition, since the predicted UE trajectory information should be requested over Xn using an on-demand procedure, the requesting node should be able to request a set of UEs and/or trajectories for the predicted UE trajectory information based on what would be useful for its own AI/ML model training and/or inference algorithms. 
[bookmark: OLE_LINK121]Proposal 5: The requesting node should be able to indicate a set of UEs and/or trajectories for the predicted UE trajectory information over Xn.

Conclusion
This contribution discussed signaling support for predicted load information and UE trajectory information to support AI/ML-based NG-RAN use cases in Rel-18. The following proposals were made: 
Proposal 1: The predicted resource status information over Xn should be associated with a configurable time duration and/or time interval until the next prediction is available.
Proposal 2: The requesting node should be able to indicate a desired time duration for the predicted resource status information over Xn.
Proposal 3: Beam-level granularity and absolute position (e.g. lat/long/height) information should be supported for the predicted UE trajectory over Xn in addition to cell-level granularity.
Proposal 4: The predicted UE trajectory information over Xn should be associated with a UE speed, configurable time duration, and/or time interval until the next prediction is available.
Proposal 5: The requesting node should be able to indicate a set of UEs and/or trajectories for the predicted UE trajectory information over Xn.
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