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1 Introduction

In RAN3#110e meeting, the use cases as starting point are agreed as 

- As a starting point, focus on at least the following use cases: Energy saving, load balancing, traffic steering/mobility optimization (other use cases, e.g. optimization of physical layer parameters, are not precluded)

- Augmented information should be studied case by case, e.g. history info, info needed for prediction, etc.

And the open issues are also listed for future study to be clarified, including:
- Continue to study possible new input (augmented info)/output or requirements needed for identified use cases

- Continue to study potential new use cases

- Where ML model/training host/inference host can be placed (see CB#27)

- Spec impacts of deploying use cases (see CB#27)

- Capture def for augmented info if needed

To be continued...
In this contribution, the potential new use case for RAN intelligence is discussed. 
2 Discussion
URLLC is a new feature for NR to support emerging services with ultra-high reliability and low latency, such as AR/VR, remote medical services, factory automation etc. The reliability for these services is ultimate, which is up to 99.999% to 99.9999%. And the delay is required to be limited within 5ms for some special services, i.e. remote driving, electricity distribution. Due to the particular characteristics, the performance for URLLC needs to be guaranteed to maintain in a stable near-perfect level. Network performance downgrading may lead to irretrievable loss. For example, missed or late-transmitted critical packet such as security-related packet for V2X or action-related packet for remote surgery may result in safety issue or human health issue. So how to secure the network performance to meet extreme QoS requirements during service time is a main objective for URLLC design. However, it is a challenging task for current network operation due to network dynamism like channel state, mobility, node status, etc. As network dynamism is time-varying with randomness, traditional network operation and management can not make the adaptive decision for timely change, or the predictive policy to overcome/fit the future uncertain stats. ML has the advantage of exploring the complex relationship that cannot be modeled by traditional mathematical way and doing the prediction or optimized policy with high resiliency to variations. Thus, ML-aided adaptive optimization to realize high-efficient management and maintenance is imperative to overcome the dynamism to realize and keep the extreme network performance. 
Proposal 1: 
URLLC is a potential use case for RAN intelligence to guarantee the performance to meet QoS requirements. 
In DC or CA cases, PDCP duplication is one of mechanisms defined for URLLC to improve reliability by transmitting duplicated packets. To meet such high reliability for emerging services, the enhancement is done to increase the number of RLC entities from two to up to four for PDCP duplication. And it allows part of configured RLC entities to be selected to transmit duplicates. Thus, the corresponding complexity dramatically increases due to
· Flexible total number of RLC entities

· Flexible RLC entity distributions in hosting node and assisting node
· Subset of RLC entities to be used for each transmission
With UE-specific requirement and path status, it is challengeable to set proper RLC entity configuration and corresponding subset selection individually. Under similar channel status, the reliability improves along with increasing the number of RLC entities. High number of RLC entities can satisfy the target reliability requirements. But, too many RLC entities used for transmission brings in unnecessary resource occupying and transmit power. Hence, the configuration and selection of RLC entities have the impact on network performance, but also resource efficiency. As QoS requirements (inc. delay, reliability) varies based on the need of service type, the reliability requirements is UE-specific and may update along the time due to service change. Static PDCP duplication configuration and selection cannot make optimized selection policy to adapt network variations. To achieve the target QoS with limited resources, dynamic RLC entity configuration and selection based on timely path status and service type is needed.
For stringent reliability requirement, trial-and-error method is improper as the imperfect performance during trial stage is unacceptable. Therefore, the accurate and dynamic decision should be done to guarantee the packet transmission performance. With the reason that 1) the path status for each RLC entity is time-varying 2) the relationship between path state and QoS performance is complex and difficult to be modeled by a traditional mathematical way, ML model is an appropriate tool to set UE-specific PDCP duplication decision. The ML model help to automatically make accurate and adaptive configuration and selection among RLC entities.
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Figure 1: ML-assisted PDCP duplication for URLLC
Proposal 2: 
PDCP duplication optimization is one of the potential directions for ML-aided URLLC. 
3 Conclusion

RAN3 is requested to discuss and if possible agree on the following proposals:
Proposal 1: 
URLLC is a potential use case for RAN intelligence to guarantee the performance to meet QoS requirements.
Proposal 2: 
PDCP duplication optimization is one of the potential directions for ML-aided URLLC. 
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Appendix: Text Proposal 
The following description of use cases should be captured in the TR 37.817:

5.X
AI-aided URLLC
5.X.1
Description
Editor Note: capture the description of use case

URLLC is a new feature for NR to support emerging services with ultra-high reliability and low latency. Due to the particular characteristics, the performance for URLLC needs to be guaranteed to maintain in a stable near-perfect level. Network performance downgrading may lead to irretrievable loss. So how to secure the network performance to meet extreme QoS requirements is a main objective for URLLC design. However, it is a challenging task for current network operation due to network dynamism like channel state, mobility, node status, etc. As network dynamism is time-varying with randomness, traditional network operation and management can not make the adaptive decision for timely change or the future uncertain stats. ML has the advantage of doing the prediction or optimized policy with high resiliency to variations. Thus, ML-aided adaptive optimization to realize high-efficient management and maintenance is imperative to overcome the dynamism to realize and keep the extreme network performance. 

In DC or CA cases, PDCP duplication is one of mechanisms defined for URLLC to improve reliability. To meet such high reliability for emerging services, the enhancement is done to increase the number of RLC entities from two to up to four. And it allows part of configured RLC entities to be selected to transmit duplicates. Thus, the corresponding complexity dramatically increases due to

· Flexible total number of RLC entities

· Flexible RLC entity distributions in hosting node and assisting node

· Subset of RLC entities to be used for each transmission

With UE-specific requirement and path status, it is challengeable to set proper RLC entity configuration and corresponding subset selection individually. Static PDCP duplication configuration and selection cannot make optimized selection policy to adapt network variations. To achieve the target QoS with limited resources, dynamic RLC entity configuration and selection is needed. For stringent reliability requirement, trial-and-error method is improper as the imperfect performance during trial stage is unacceptable. Therefore, the accurate and dynamic decision should be done to guarantee the packet transmission performance. With the reason that 1) the path status for each RLC entity is time-varying 2) the relationship between path state and QoS performance is complex and difficult to be modeled by a traditional mathematical way, ML model is an appropriate tool to set UE-specific PDCP duplication decision. The ML model help to automatically make accurate and adaptive configuration and selection among RLC entities.
5.X.2
Solutions and standard impacts

Editor Note: Capture the solutions for the use case, including potential standard impacts on existing Nodes, functions, and interfaces
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