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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 a particular use case that is applicable for the study.
2
Discussion
During the execution of Handovers (HO), early data forwarding can be used to mitigate general HO associated losses. The UE communications interruption time due to mobility is one of those losses and data forwarding is a process that has the potential to greatly reduce this interruption time. Data forwarding can be used for UEs to get the downlink and/or uplink data from/to both the source and target gNBs. This allows for an, as much as possible, uninterrupted data flow during the handover process. 
Despite its potential to reduce interruption time, data forwarding is a process that requires a very high resource reservation at both source and target RAN nodes The Xn interface, that is used for the packets to be forwarded from one RAN node to the other (source to target), is also impacted. 

Data forwarding can be applied to legacy, Conditional (CHO) and Dual Active Protocol Stack (DAPS) HOs. In the case of CHO, the resource reservation can be even more problematic given that multiple potential target cells that may belong to different nodes are involved, possibly creating the need for resource reservation at several target RAN nodes.
In all HO cases, it is the source RAN node controls the decision of selecting the target RAN node (or a list of candidates in the case of CHO). It is also the RAN node (source gNB) that decides when to start the data forwarding process towards the target RAN node. After the HO is deemed successful, the target RAN node triggers within the 5G Core Network (5GC) the user plane data switch from the source RAN node, after instructing the UE to release the source RAN node.

During a legacy or DAPS HO, the controlling RAN node evaluates the measurement information received from the UE and uses it to decide if the HO shall be triggered. When that decision is made, the UE receives a command to perform the HO or DAPS HO via RRC signalling.

In the case of a CHO, the UE is equipped by the RAN with the reconfiguration criteria beforehand. Once the criteria met, the UE will synchronize with a target cell immediately, without the need for immediate signalling with the RAN.

The data forwarding is therefore a process where RAN nodes are involved that takes limited input from the UE – the input reported via measurement reports. If these reports are periodical, their periodicity needs to be a one fits all value, which is not suited for radio environments. If it is event based, by the time the RAN receives UE information, it could be too late. In both cases, there is a great deal of useful information that is lost between measurement reports inputs from the UE.

The decision-making process could be greatly improved with the application of AI/ML methods at the RAN nodes. This can only be possible if the RAN node can access UE related information to help improving decision making for data forwarding. Moreover, the criteria on how to report those inputs should be studied. The relevant information needed from the UE can include, amongst others:  

· UE radio conditions
· UE location 

· UE trajectory

· UE connectivity status

· UE capabilities

· Other UE contextual information

As a result, the RAN nodes can make better data forwarding decisions. Namely, applying AI/ML methods to UE related data would be beneficial in reducing the reserved resources, at the UE, RAN nodes and Xn interface levels. The 5G system and the transport network would also benefit from a lower amount of data being transferred between source and target RAN nodes.
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Figure yy Message sequence chart for data forwarding improvements.
The use case considers the raw or processed UE information to be transmitted between nodes. In Fig. YY, the UE sends the relevant information to either the source or target nodes, after an HO event. If the HO fails, the UE can re-establish at the source RAN node and send to it the relevant information. In case the target node is the receiver of this information, after a successful HO, it can forward it partially or completely to the source RAN node and to the 5GC, as the node that starts and the node that triggers the end of the data forwarding process, respectively. Source, target and 5GC can all improve their part of the process with the relevant UE information.

3
Conclusion
The above paragraph shows a list of potential enhancements that can be made with enhanced data collection.

Proposal 1: Agree that data forwarding enhancement is a representative use case for the study, and below is a proposal for the TR:

-----------------------------------Start of Changes-----------------------------------
Use case 2: AI/ML for Data Forwarding in Handovers
Data forwarding has the potential to greatly reduce mobility interruption time for UEs in mobility. For UEs in mobility and during a legacy or Dual Active Protocol Stack (DAPS) Handover (HO), the controlling RAN node evaluates the measurement information received from the UE and uses it to decide if the HO shall be triggered. If that decision is made, the UE receives a command to perform the HO or DAPS HO via RRC signalling. The process allows for dual reception of packets from the UE in Downlink (DL). 

In the case of a Conditional Handover (CHO), the UE is equipped by the Radio Access Network (RAN) with the reconfiguration criteria that, once met, will allow the UE to synchronize with a target cell immediately, without the need for immediate signalling with the RAN.

Despite its potential to reduce interruption time, data forwarding is a process that requires a very high resource reservation at both source and target RAN nodes and at the Xn interface, where packets are forwarded from one RAN node to the other. In the case of CHO, the resource reservation can be even more problematic given that multiple potential target cells that may belong to different nodes are involved, possibly creating the need for resource reservation at several target RAN nodes.
In all HO cases, it is the source RAN node controls the decision of both selecting the target RAN node (or a list of candidates in CHO) and when to start the data forwarding between RAN nodes. The target RAN node triggers with the 5G Core Network (5GC) the user plane data switch from the source RAN node, after instructing the UE to release the source RAN node.

Both the starting and stopping of the data forwarding process are therefore decisions made by the RAN nodes. This decision-making process could be greatly improved with the application of AI/ML methods at the RAN nodes. This can only be possible if the RAN node can access UE related information to help improving decision making for data forwarding. The relevant information needed from the UE can include, amongst others:  

· UE radio conditions
· UE location 

· UE trajectory

· UE connectivity status

· UE capabilities

· Other UE contextual information

As a result, the RAN nodes can make better data forwarding decisions. Namely, applying AI/ML methods to UE related data would be beneficial in reducing the reserved resources, at the UE, RAN nodes and Xn interface levels. The 5G system and the transport network would also benefit from a lower amount of data being transferred between source and target RAN nodes.
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Figure xx Message sequence chart for data forwarding improvements.
The use case considers the raw or processed UE information to be transmitted between nodes. In Fig. XX, the UE sends the relevant information to either the source or target nodes, after an HO event. If the HO fails, the UE can re-establish at the source RAN node and send to it the relevant information. In case the target node is the receiver of this information, after a successful HO, it can forward it partially or completely to the source RAN node and to the 5GC, as the node that starts and the node that triggers the end of the data forwarding process, respectively. Source, target and 5GC can all improve their part of the process with the relevant UE information.

5.X.2
Solutions and standard impacts

The Use Case “AI/ML for Data Forwarding in Handovers” may generate the following standardisation impacts:

· Uu Impact: 

· Flow of UE related information over Uu from UE to target RAN node (or source node in case of re-establishment) so that the source RAN node derives improved data forwarding criteria.
· Xn Impact: 

· Signalling from target RAN node to source RAN node of UE related information after a CHO or DAPS HO event. 
-----------------------------------End of Changes-----------------------------------
