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1. Introduction
[bookmark: OLE_LINK2][bookmark: OLE_LINK1]The detailed SID objectives for enhancements of AIML for NG-RAN (RP-240323) are listed as follows:
· Study two new AI/ML based use cases, i.e., Network Slicing and CCO, with existing NG-RAN interfaces and architecture (including non-split architecture and split architecture). 
· Rel-18 leftovers as candidates for normative work, based on the Rel-18 principles, as follows:
-   Mobility optimization for NR-DC
-   Split architecture support for Rel-18 use cases based on the conclusions from Rel-18 WI 
-   Energy Saving enhancements, e.g., Energy Cost Prediction
-   Continuous MDT collection targeting the same UE across RRC states
-   Multi-hop UE trajectory across gNBs
Note: RAN3 should take the Rel-18 discussions into account.
In this contribution, we initiate a discussion related to AI/ML based Coverage and Capacity Optimization (CCO).
2. Discussion
The current solution for CCO has been agreed in rel.17, and a brief summary is reported below (quotes from TS 38.300 and TS 38.401):
(TS 38.300) “The objective of NR Coverage and Capacity Optimization (CCO) function is to detect and resolve or mitigate CCO issues, e.g. coverage and cell edge interference issues.”
(TS 38.300) “Each NG-RAN node may be configured with alternative coverage configurations by OAM. The alternative coverage configurations contain relevant radio parameters and may also include a range for how each parameter is allowed to be adjusted.”
(TS 38.401) “In case of split gNB architecture, CCO detection function is located at the gNB-CU. The gNB-CU signals to the gNB-DU the CCO issue and the affected cells and beams. The gNB-DU resolves the CCO issue concerning own served cell by local action within the OAM configured limits. The gNB-DU may also take into account information received for other cells when adopting the CCO configuration. The gNB-DU informs the gNB-CU of the new coverage states adopted.”
(TS 38.300) “An NG-RAN node may autonomously adjust within and switch between coverage configurations. When a change is executed, a NG-RAN node may notify its neighbour NG-RAN nodes using the NG-RAN NODE CONFIGURATION UPDATE message with the list of cells and SSBs with modified coverage included. The list contains the CGI of each modified cell with its coverage state indicator and optionally the SSB index of each modified SSB with its coverage state indicator.”.
The figure below shows the main steps of the legacy CCO:
1) The gNB-CU1 detects the CCO issue and informs the gNB-DU1.
2) The gNB-DU1 modifies the coverage states of cells and SSBs.
3) The gNB1 informs the gNB2 of the newly adopted coverage states.
4) The gNB2 considers the new coverage states of gNB1 to adjust the coverage of its own cells and SSBs.
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We also recall that the following scenarios have been agreed in rel.18 to support of AI/ML in NG-RAN (TS 38.401):
In case of CU-DU split architecture, the following scenarios may be supported:
-	AI/ML Model Training is located in the OAM and AI/ML Model Inference is located in the gNB-CU. 
-	AI/ML Model Training and Model Inference are both located in the gNB-CU.
It should be noted that in the “legacy” CCO solution, a reactive approach is used: the gNB-CU detects a CCO issue after it has already occurred, and the gNB-DU attempts to resolve it. We think that with an AI/ML based CCO, a more proactive approach can be used, with the possibility to improve the overall network performance by preventing (or limiting at an early stage) the degradation of network (and UE) performance. 
If we consider the AI/ML model deployment scenarios already supported in rel.18, we note that it is possible to keep the same functional responsibilities between gNB-DU and gNB-CU as in the legacy CCO also for cases where an AI/ML assisted CCO is used to predict the CCO issue. In this approach, the gNB-CU predicts a CCO issue, including the cells and beams which are expected to be affected, and it informs the gNB-DU of such prediction. The gNB-DU takes the necessary countermeasures to avoid that the predicted issue occurs. 

[bookmark: _Hlk162984530]Proposal 1: For AI/ML based CCO, in case of split RAN architectures, the same functional responsibilities as in legacy CCO are kept between gNB-CU and gNB-DU. 
Proposal 2: For AI/ML based CCO, the gNB-CU provides to the gNB-DU a CCO issue predictions and the predicted affected cells and SSBs.
Proposal 3: For AI/ML based CCO, the gNB-DU provides to the gNB-CU the coverage states for cells and SSBs to avoid that a predicted CCO issue occurs.

With AI/ML based CCO the algorithm anticipates an event (a CCO issue) and it is tuned such that the detection happens before the situation becomes too severe. With this use case, we think that it is not enough to “only” add/exchange predicted CCO issue from the gNB-CU to the gNB-DU. In the following, we discuss aspects about additional information which we think are important to support this use case. The first is related to timing, the second relates to the data to be collected.
2.1 Timing aspects for AI/ML based CCO
According to the Rel.18 solution, an AI/ML model can be used e.g., to assist a gNB to take a load balancing decision (to offload a UE). To do so, the AI/ML model can use as input specific predicted metrics (e.g., the number of predicted active UEs), and the predicted metrics refer to a certain time in the future. The same approach can be used for the CCO use case as well. In other words, we think it is appropriate to support the prediction of a CCO issue for a specific point in time in the future. 
Proposal 4: Timing aspects should be considered for CCO predictions, e.g., a reference prediction time.

If we refer again to the Rel.18 solution, before a gNB takes a decision (e.g., to offload a UE) based on an AI/ML model, it can receive a certain number of Data Collection Update messages, i.e., not just one instance of predicted load metrics. We think something similar is appropriate to support AI/ML based CCO, in particular if the time at which the predicted CCO issue refers to, is quite far in the future. For example, the gNB-CU can send more than one predictions of CCO issue. The predictions that follow the first one will either confirm the original prediction or update it. This helps the gNB-DU to understand how likely it is that the CCO issue will occur and what is the likelihood that the same predicted issue will hold in the future. This henpss the gNB-DU determining when it is the right time to act with a CCO configuration change. 
Proposal 5: The gNB-CU can send to the gNB-DU updates on predicted CCO issue.

2.2 Data collection for AI/ML based CCO
What data is needed to support AI/ML based CCO? Again, some elements of the Rel-18 solution can be reused, and others may be added. The gNB-CU, as per current state of art, collects UE measurements of various kinds, that are used for CCO detection. To support AI/ML based inference of a CCO issue, the same measurements can also be used. For example, subsequent measurements taken by UEs at cell edge can indicate a trend where the inference at the edge of such cells increases over time. This information can be used to infer that a certain CCO issue due to capacity is likely to occur for specific cells and beams. Predicting a certain CCO issue due to coverage can be tricky, and additional measurements may be needed. For example, some UEs are located at the border between a cell of gNB1 and a cell of gNB2, and if they are served by gNB2, they can send coverage measurements to gNB2 (the vice versa is also possible for UEs at the border between gNB1 and gNB2, but served by gNB1). As long as these UEs are connected to gNB2, the gNB1 is not aware of how these UEs perceive the coverage from gNB1 (and vice versa). If these UEs experience coverage problem, maybe this can be avoided by slightly adjusting the coverage of a cell or beam of gNB2 or a cell or beam of gNB1. To support this and to potentially avoid the UE entering a coverage hole, gNB2 could signal to gNB1 some of the measurements received from the UEs at its border with the cells of gNB1. This allows gNB1 to gain an understanding of coverage at cell edge, as seen from the UEs of gNB2. Such understanding may not be available and deductible by gNB1 because the UEs served by gNB1 may not have the same channel conditions towards gNB2 and vice versa (namely there is no reciprocity between channels of gNB1 UEs and gNB2 UEs). Knowledge at gNB1 of measurements from cell edge UEs served by gNB2 will help gNB1 to predict CCO issue due to coverage.
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Figure 1: Example of coverage hole that can be resolved with cell shaping and CCO configuration changes
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Figure 2: Example of how gNB1 may deduce from its UE measurements that a coverage hole is between gNB1 and gNB2, while gNB2 does not perceives such conditions

In the Figures above it is shown how, if agNB relies only on measurements at cell edge provided by its own UEs, there might be misleading situations where coverage wholes might be assumed and CCO measures taken, while there is no issue. 
In Figure 1 gNB1 receives measurements form its UEs revealing a real coverage hole. By checking measurements from the UEs at cell edge of gNB2, gNB1 can confirm that there is a coverage hole between gNB1 and gNB2. Based on that, gNB1 can take a CCO action to correct the coverage issue.
In Figure 2, gNB1 checks measurements from its served UEs and detects a possible coverage hole between Cell A and Cell B (served by gNB2. However, when gNB1 checks measurements taken from UEs at the edge of Cell B and served by gNB2, gNB1 realises that there is no coverage hole and a corrective CCO action is not needed. 
The above proves that it is beneficial to receive cell edge measurements taken by UEs served by neighbour nodes.
Proposal 6: RAN3 to discuss additional measurements to be used for predicting CCO issue due to coverage, e.g. cell edge measurements taken by UEs served by neighbour nodes.
Finally, we would like RAN3 to discuss how to collect feedback after an action (e.g., a coverage modification) has been executed as a consequence of a predicted CCO issue. Since the issue did not materialize (at least not in full, due to the CCO action taken by the gNB-DU), how to understand whether an action taken was appropriate? A possibility can be to use a pragmatic approach, where some metrics and performance are compared before and after the action was taken. For example, if the predicted CCO issue was for capacity, due to an increasing number of demanding users at cell edge, we can assume that when the CCO issue was detected, the gNB-CU had already collected some measurements showing such trend and leading to that prediction (without AI/ML assistance, the CCO issue would have been detected later). The same type of measurements can be collected after the action, revealing if the CCO issue manifested or not. If the CCO issue did not manifest, then this implies that the potential CCO issue was successfully avoided. 
[bookmark: _Hlk162984624]Proposal 7: RAN3 to discuss how to collect feedback after an CCO related action is executed.
[bookmark: _Toc423020296][bookmark: _Toc423019950][bookmark: _Toc423020279]3. Conclusion
Based on the discussion in this paper, we make the following proposals:
Proposal 1: For AI/ML based CCO, in case of split RAN architectures, the same functional responsibilities as in legacy CCO are kept between gNB-CU and gNB-DU. 
Proposal 2: For AI/ML based CCO, the gNB-CU provides to the gNB-DU a CCO issue predictions and the predicted affected cells and SSBs.
Proposal 3: For AI/ML based CCO, the gNB-DU provides to the gNB-CU the coverage states for cells and SSBs to avoid that a predicted CCO issue occurs.
Proposal 4: Timing aspects should be considered for CCO predictions, e.g., a reference prediction time.
Proposal 5: The gNB-CU can send to the gNB-DU updates on predicted CCO issue.
Proposal 6: RAN3 to discuss additional measurements to be used for predicting CCO issue due to coverage, e.g. cell edge measurements taken by UEs served by neighbour nodes.
Proposal 7: RAN3 to discuss how to collect feedback after an CCO related action is executed.

A TP to TR 38.743 based on the above proposals can be found in R3-242074. 
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