
3GPP TSG-RAN WG3 Meeting #113-e
R3-213787
16-26 Aug 2021
Online
Agenda Item:
18.4.3
Source:
InterDigital 
Title:
Standardization impacts of Mobility Optimization Use Case for AI 
Document for:
Discussion and Agreement
1
Introduction

The study on AI/ML in RAN3 will focus on the following:

This study item aims to study the functional framework for RAN intelligence enabled by further enhancement of data collection through use cases, examples etc. and identify the potential standardization impacts on current NG-RAN nodes and interfaces.  

The detailed objectives of the SI are listed as follows:

Study high level principles for RAN intelligence enabled by AI, the functional framework (e.g. the AI functionality and the input/output of the component for AI enabled optimization) and identify the benefits of AI enabled NG-RAN through possible use cases e.g. energy saving, load balancing, mobility management, coverage optimization, etc.:

1.
Study standardization impacts for the identified use cases including: the data that may be needed by an AI function as input and data that may be produced by an AI function as output, which is interpretable for multi-vendor support.

[…]

In order to explore the areas where AI/ML is most applicable and can improve the network performance for the NG RAN, this paper illustrates the agreed use case of moblity optimization and the potential impacts of that use case. .
2
Discussion
Mobility aspects of SON that can be enhanced using AI/ML include

•
Reduction of the probability of unintended mobility events

•
UE Location/Mobility/Performance prediction

•
Traffic Steering
Mobility events in previous 3GPP releases consisted mainly of legacy handover (HOs) procedures where a RAN node instructed a UE to connect to another cell based on UE reported measurements. Enhancements to the baseline HO include dual connectivity where a UE sends and receives from multiple cells belonging to different gNBs. The latest releases have however brought several enhacements to legacy HOs, noticeably with the introduction of features like Conditional HO (CHO), Dual Active Protocol Stack (DAPS) and the enabling of early data forwarding procedures between RAN nodes.
The introduction of these enhancements has brought several benefits. 
EN-DC/NR-DC and NR CA have provided (i) reduced signalling overhead and latency needed for a cell setup, (ii) additional carrier combinations (either in the same or different frequency range) for resource aggregation and (iii) cross-carrier scheduling of aggregated resources with different numerologies. These enhancements enable more solutions to improve mobility robustness by enabling the use of these extra resources and to reduce connectivity interruptions during HO by utilizing secondary links to recover any failures on the master/primary link (steer data traffic onto secondary cell while recovering the primary cell).
When dealing with dual connectivity, additional limitations/constraints were put on uplink/downlink traffic steering decision mechanisms for mobility robustness, service performance and/or UE energy savings, as having information solely on UE radio conditions or a single gNB physical resource usage/availability will not be enough. Additional information on area of interest load characteristics/trends, past measurements on coverage and capacity of neighbouring primary and secondary cells can improve traffic steering decisioning mechanism. The inputs necessary to enhance traffic steering for the network include the use of R17 QoE reports and potentially futher extensions such as load prediction (see load balancing use case) and resource ulitization in both MN and SN. The output would be a DC activation decision.
With CHO, UEs use air interface monitoring abilities to pre-emptively trigger an HO, as opposed to waiting for a RAN node to guide the mobility process. This reduces general signaling between UE and RAN node, as the UE can now trigger the process instead of waiting for an RRC message from a RAN node.
With DAPS HOs, the UE perceived HO interruption time is reduced as the UE can be connected to two RAN nodes simultaneously and receive data in the downlink while the HO is ongoing. Like in the traditional HO procedure, it is the RAN node that triggers the DAPS HO and hence there is no general signalling reduction, but there is however the reduced interruption time benefit.
Another aspect of the optimization of handover is understanding the predicitibility of UE movement. Knowing the location of the the UE, its velocity and perhaps a past history of movement of that user or other users in a similar location would help the network initiate handovers more efficiently and in a timely fashion. Being able to predict when a UE will be in position for an optimal handover would help resource optimization for all handovers, but in particular for CHO since the network would have a better idea which candidate CHO cells to prepare for the UE. The inputs for this would include information from the UE like position, velocity, radio measurements and trajectory. The outputs would include identification of the predicted target/candidate nodes/cells and a prediction of the exact time when the handover needs to be executed.
Whether the HO is a legacy one, a dual connectivity, a CHO or a DAPS HO, data forwarding can take place. Data forwarding provides means for more than one RAN node to buffer a UE’s User Plane (UP) data, to be ready to deliver it in the downlink at the same time as the origin RAN node to which the UE is connected to. Due to the high resource reservation required for it, it becomes even more pressing to address the mobility topic, as a non optimal resource reservation can have consequences on other users. The data forwarding strategy would depend on similar inputs as in the prediction of UE movement. 
These mobility aspects have been evolving and bringing the mentioned benefits to the latest releases, but they have also resulted in more complex processes that became more difficult to analyze. A legacy HO decision, made based on reported measurements from the UE, can be as simple as having a radio interface metric (RSRP, RSRQ, SINR) threshold stored in a RAN node that is compared against the reported UE measurements. And once the threshold is reached, the HO is triggered. A CHO procedure brings improvements, alongside with an increase in complexity. The UE is configured with a group of cells and respective conditions/events to monitor. It is a harder task to derive a group of cells and their monitoring conditions, based on radio network planning information alone, without relying on UE generated information. In theory, the group of target cells for CHO related mobility may be obvious from the radio network planning information. In practice, the nature of the radio environment creates unexpected gaps in coverage, and generalized radio instability and randomness. These adverse and uncontrollable effects lead to difficulties when defining target cell triggering conditions, making extremely difficult to optimize a single threshold value to trigger a CHO with multiple cell options. In DAPS, the RAN nodes decide to trigger HOs based on or at least with the support of received measurements from UEs. Although this may be more helpful for a better HO procedure, and because early data forwarding is associated with DAPS, the RAN node can’t still rely on UE related information to help optimizing and gradually improving the HO procedures. Therefore, the overall predicted HO strategy would need to take the inputs listed in the previous sections, including legacy UE measurements, UE trajectory, QoE reports, predicted load, resource status and utilization, and legacy SON reports.
2.1
Solutions and standard impacts
gNB-CU located AI/ML functions
· Input: 

· UE info: 
· trajectory, moving velocity, measurement reports

· Neighbor gNBs

· After successful handover, UE QoE reports for handed over user
· During DC, UE QoE reports for data handled by the SN. 

· Predicted load

· Resource status and utilization prediction/estimation
· SON Reports of handovers that are successful, too-early, too-late, or handover to wrong (sub-optimal) cell 
· Output: 

· predicted HO strategy
· predicted DC activation decision

· predicted HO target node and time of handover
· predicted data forwarding strategy
Note: The possibility of having some AI/ML functions located in the UE (for example prediction of handover time) should also be explored. 
3
Conclusion
The above paragraph shows a list of potential enhancements that can be made with enhanced data collection.
Proposal 1: Agree the potential standards impacts of the mobility optimization use case as discussed above and include section 2 in the TR as a TP. 
