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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
Since its introduction in 3GPP, SON has been considerably evolving in providing more and better functionalities for self configuration and optimization. Good progress has been made and considerable achievements in increased network performance have been attained, covering diverse aspects related to resource utilization, capacity, load balancing, QoS, etc. 
Challenges for SON are however increasing. Next generation radio brings with it an increase in the 5GS overall capacity requirements in a multitude of domains, resulting in a general need for stricter requirements to be met. The new mobility features create use cases where creating improvements becomes difficult to achieve via conventional heuristics or algorithm creation. Artificial Intelligence/Machine Learning (AI/ML) are however an extremely promising way to introduce such needed benefits. For most of these methods, data collection is a fundamental part. Current data collection mechanism are deemed insufficient as they do not provide all the required data that AI/ML based improvements need. Enhancements in data collection are therefore required. These enhancements will allow even more network optimization of mobility aspects.
Mobility aspects of SON that can be enhanced by the use of AI/ML include

· Coverage optimization

· Load balancing

· Mobility Management

· CHO/DAPS Resource optimization

Coverage optimization targets self-optimizing mechanisms so that networks can improve their coverage conditions. To achieve the desired design for these mechanisms, the relevant network coverage data needs to be analysed. One drawback for performing such analysis is that the relevant coverage information is stored at individual RAN nodes. This makes it impractical to do a system wide analysis with global optimization goals in mind, without a cumbersome exchange of information between RAN nodes. AI-assisted coverage optimization would be a mechanism that would improve coverage and coverage self-improvements network wide, as well as locally. The data collection mechanisms and the application of AI methods should therefore be supported for this use case. 
Load balancing allows for different nodes to dynamically share their resources to account for general resource misuse, i.e., under usage and overloading. Similarly, as in the previous case, in order to have robust load balancing mechanisms, load status information needs to be shared amongst nodes. The sharing of this information also suffers from the problem of being difficult to do on a network wide basis. One immediate consequence of not having proper load balancing mechanisms is an increased number of HOs (besides having a network that is in general, under optimized). The HOs will in turn introduce delays and connection failures due to several know reasons (Coverage not optimal, inability for the RAN to properly configure UEs, mismatch of information between RAN nodes, etc.). AI-assisted load balancing would be a mechanism that would improve proper sharing of network resources. The data collection mechanisms and the application of AI methods should therefore be supported for this use case. 

Mobility management is the scheme to guarantee the service-continuity during the mobility by minimizing the call drops, RLFs, unnecessary handovers, ping-pong. The performance feedback (too late handover, too early handover, handover to wrong cell and ping-pong) of handover is detected and collected for a node in conventional method to adaptively adjust handover strategy. For the future high-frequency network, as the coverage of a single node decreases, the frequency for UE to handover between nodes becomes high, especially for high-mobility UE. In addition, for the applications characterized with the stringent QoS requirements such as reliability, latency etc., the QoE is sensitive to the handover performance, so that mobility management should avoid unsuccessful handover and reduce the latency during handover procedure. However, for the conventional method, it is challengeable for trial-and-error-based scheme to achieve nearly zero-failure handover. The unsuccessful handover cases are the main reason for packet dropping or extra delay during the mobility period, which is unexpected for the packet-drop-intolerant and low-latency applications. In addition, the effectiveness of adjustment based on feedback may be weak due to randomness and inconstancy of transmission environment. So, an intelligent tool for mobility management is required to set adaptive precise policy according to the network dynamics to optimize handover success rate via avoiding too late handover, too early handover, handover to wrong cell, ping-pong, and other unsuccessful cases. A key aspect to consider in 3GPP networks is user mobility. Mobility management provides the necessary mechanisms for UEs in mobility to perform HOs from the broader perspective that includes network wide mobility considerations. Some key aspects and improvements have been introduced and included in the latest releases, targeting specifically HO improvements. Some data collection mechanisms are in place today in an effort to improve mobility aspects. However, considering the latest requirements (latency, bandwidth, QoS, etc.), these data collection mechanisms are also insufficient. AI-based methods would greatly improve mobility management functions. Again, in this case, the current data collection mechanisms are insufficient, and its improvement should be considered to support AI-based mobility management. 
Particular cases of mobility management should also be addressed, particularly in the context of HOs. Conditional Handover (CHO) and Dual Active Protocol Stack (DAPS) are examples of recent features that enhance the legacy HO procedure. They are however very demanding in terms of resource reservation in the network. At the same time, they are more complex than the traditional handover and represent a perfect example where the achieved feature introduced benefit is significant, but current collected data cannot assist in its optimization.
In CHO, the RAN enhances the process by equipping the UE with a list of target cells and a list of conditions to monitor for those cells. Upon detection of those conditions, the UE can trigger the handover (HO) by itself, reducing signalling and making the process faster in general. In DAPS, the RAN evaluates the radio conditions the UE is reporting and decides for the UE to HO to another cell and instructs it to do so via RRC signalling. 
In both cases, it is the RAN node that drives the decision, and 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 derive better CHO and DAPS triggering conditions, after a CHO or DAPS event. The relevant information needed from the UE may include, amongst others:  
· UE radio conditions
· UE location 

· UE trajectory

· UE connectivity status

· UE capabilities

· Other UE contextual information

As a result, the controlling RAN node can make better decisions. For CHO, the list of candidate cells can be reduced, thus reducing the amount of RAN nodes reserving resources. For DAPS, a better target cell selection can be attained, resulting in less failures and consequently, reduced interruption time. In both cases, there is an overall reduction in resource allocation, reduced Xn signalling, and better triggering conditions resulting in reduced number of failures. 
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Figure 0‑1 Message sequence chart for CHO/DAPS HO 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, and after a CHO or DAPS HO event. In case the target node is the receiver of this information, it will forward it partially or completely to the source RAN node, as the CHO/DAPS criteria decision-maker, so that it can be improved.
3
Conclusion
The above paragraph shows a list of potential enhancements that can be made with enhanced data collection.
Proposal 1: Agree that mobility enhancement is a representative use case for the study, and below is a proposal for the TR:
-----------------------------------Start of Changes-----------------------------------
5.X
AI/ML for Mobility enhancements
5.X.1
Use case description

Mobility aspects of SON that can be enhanced by the use of AI/ML include

· Coverage optimization

Coverage optimization targets self-optimizing mechanisms so that networks can improve their coverage conditions. To achieve the desired design for these mechanisms, the relevant network coverage data needs to be analysed. One drawback for performing such analysis is that the relevant coverage information is stored at individual RAN nodes. This makes it impractical to do a system wide analysis with global optimization goals in mind, without a cumbersome exchange of information between RAN nodes. AI-assisted coverage optimization would be a mechanism that would improve coverage and coverage self-improvements network wide, as well as locally. The data collection mechanisms and the application of AI methods should therefore be supported for this use case. 
· Load balancing

Load balancing allows for different nodes to dynamically share their resources to account for general resource misuse, i.e., under usage and overloading. Similarly as in the previous case, in order to have robust load balancing mechanisms, load status information needs to be shared amongst nodes. The sharing of this information also suffers from the problem of being difficult to do on a network wide basis. One immediate consequence of not having proper load balancing mechanisms is an increased number of HOs (besides having a network that is in general, under optimized). The HOs will in turn introduce delays and connection failures due to several know reasons (Coverage not optimal, inability for the RAN to properly configure UEs, mismatch of information between RAN nodes, etc.). AI-assisted load balancing would be a mechanism that would improve proper sharing of network resources. The data collection mechanisms and the application of AI methods should therefore be supported for this use case. 

· Mobility Management

Mobility management is the scheme to guarantee the service-continuity during the mobility by minimizing the call drops, RLFs, unnecessary handovers, ping-pong. The performance feedback (too late handover, too early handover, handover to wrong cell and ping-pong) of handover is detected and collected for a node in conventional method to adaptively adjust handover strategy. For the future high-frequency network, as the coverage of a single node decreases, the frequency for UE to handover between nodes becomes high, especially for high-mobility UE. In addition, for the applications characterized with the stringent QoS requirements such as reliability, latency etc., the QoE is sensitive to the handover performance, so that mobility management should avoid unsuccessful handover and reduce the latency during handover procedure. However, for the conventional method, it is challengeable for trial-and-error-based scheme to achieve nearly zero-failure handover. The unsuccessful handover cases are the main reason for packet dropping or extra delay during the mobility period, which is unexpected for the packet-drop-intolerant and low-latency applications. In addition, the effectiveness of adjustment based on feedback may be weak due to randomness and inconstancy of transmission environment. So, an intelligent tool for mobility management is required to set adaptive precise policy according to the network dynamics so as to optimize handover success rate via avoiding too late handover, too early handover, handover to wrong cell, ping-pong and other unsuccessful cases.A key aspect to consider in 3GPP networks is user mobility. Mobility management provides the necessary mechanisms for UEs in mobility to perform HOs from the broader perspective that includes network wide mobility considerations. Some key aspects and improvements have been introduced and included in the latest releases, targeting specifically HO improvements. Some data collection mechanisms are in place today in an effort to improve mobility aspects. However, considering the latest requirements (latency, bandwidth, QoS, etc.), these data collection mechanisms are also insufficient. AI-based methods would greatly improve mobility management functions. Again in this case, the current data collection mechanisms are insufficient and its improvement should be considered to support AI-based mobility management. 
· CHO/DAPS Resource optimization
Particular cases of mobility management should also be addressed, particularly in the context of HOs. Conditional Handover (CHO) and Dual Active Protocol Stack (DAPS) are examples of recent features that enhance the legacy HO procedure. They are however very demanding in terms of resource reservation both for UEs and for gNBs. At the same time, they are more complex than the traditional handover and represent a perfect example where the achieved feature introduced benefit is significant, but current collected data cannot assist in its optimization.

In CHO, the RAN enhances the process by equipping the UE with a list of target cells and a list of conditions to monitor for those cells. Upon detection of those conditions, the UE can trigger the handover (HO) by itself, reducing signalling and making the process faster in general. In DAPS, the RAN evaluates the radio conditions the UE is reporting and decides for the UE to HO to another cell and instructs it to do so via RRC signalling. 
In both cases, it is the RAN node that drives the decision, and 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 derive better CHO and DAPS triggering conditions, after a CHO or DAPS event. The relevant information needed from the UE may include, amongst others:  

· UE radio conditions

· UE location 

· UE trajectory

· UE connectivity status

· UE capabilities

· Other UE contextual information

As a result, the controlling RAN node can make better decisions. For CHO, the list of candidate cells can be reduced, thus reducing the amount of RAN nodes reserving resources. For DAPS, a better target cell selection can be attained, resulting in less failures and consequently, reduced interruption time. In both cases, there is an overall reduction in resource allocation, reduced Xn signalling, and better triggering conditions resulting in reduced number of failures. 
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Figure 0‑1 Message sequence chart for CHO/DAPS HO 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, and after a CHO or DAPS HO event. In case the target node is the receiver of this information, it will forward it partially or completely to the source RAN node, as the CHO/DAPS criteria decision-maker, so that it can be improved.

5.X.2
Solutions and standard impacts

The Use Case “AI/ML for Conditional Handover and Dual Active Protocol Stack 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 triggering criteria and target cell selection for CHO and DAPS, respectively.
· 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-----------------------------------
