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1. Introduction
CCO is one use case listed in the object of RP-234054. This document shows our understanding of the working function of AI-based CCO and potential items to discuss.
2. Discussion
2.1. [bookmark: OLE_LINK78][bookmark: OLE_LINK79]Brief summary of legacy CCO mechanism
The outline of legacy CCO mechanism is captured in TS 38.300 and TS 38.401. The core part of the mechanism is “Dynamic coverage configuration change”, i.e. dynamically altering among the “alternative coverage configurations” configured by the OAM:
	[bookmark: _Toc155991582]15.5.5.3	Dynamic coverage configuration changes
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 coverage state indicator may be used at the receiving NG-RAN node to adjust the functions of the Mobility Robustness Optimisation, e.g. by using the coverage state indicator to retrieve a previously stored Mobility Robustness Optimisation state. The coverage state indicator may also be used at the receiving NG-RAN node to adopt coverage configurations matching with neighbouring cells coverage configurations.
If the list includes indication about planned reconfiguration and possibly a list of replacing cells, the receiving NG-RAN node may use this to avoid connection or re-establishment failures during the reconfiguration. Also, if the sending NG-RAN node adds cells in inactive state, the receiving NG-RAN node may use this information to avoid connection or re-establishment failures. The receiving NG-RAN node may also use the notification to reduce the impact on mobility. The receiving NG-RAN node should avoid triggering handovers towards cell(s) that are indicated to be inactive.

	[bookmark: _CR7_9_3][bookmark: _Toc98351708][bookmark: _Toc98748006][bookmark: _Toc105704392][bookmark: _Toc106108510][bookmark: _Toc107829482][bookmark: _Toc112703241][bookmark: _Toc155906830]7.9.3	Dynamic coverage configuration changes
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.



Assuming that both the triggering node and its neighbour node adopt CU/DU split architecture, the general work flow can be depicted as following:


[bookmark: _Ref78466357]Figure 1: Typical working flow of legacy CCO.
Step 1: gNB1-CU considers that there is a coverage or capacity problem, and indicates it toward gNB1-DU.
Step 2: gNB1-DU changes its coverage configuration and provides it toward gNB1-CU.
Step 3: gNB1-CU forwards the updated coverage configuration (updated by gNB-DU1) toward gNB2-CU.
Step 4: gNB2-CU hopes that gNB2-DU updates its coverage configuration in order to match the one updated by gNB-DU1. gNB2-CU therefore indicates to gNB2-DU that there is a coverage or capacity problem w.r.t. gNB1-DU.
Step 5: gNB2-DU changes its coverage configuration and provides it toward gNB2-CU.
Step 6: gNB2-CU forwards the updated coverage configuration (updated by gNB-DU2) toward gNB1-CU.
Apart from the words in TS 38.300 and TS 38.401, we can learn some more information:
1. The gNB-CU provides very little information toward gNB-DUs, i.e. only indicating that “there is a problem w.r.t. one cell”. It is the gNB-DU’s work to figure out the detail of the problem (e.g. what area cannot be covered), and to find a solution to the problem.
2. Each step is performed in the triggering message of separate elementary procedures (EPs). This means that each node may not hurry to change its own configuration due to time limit of replying—they may first collect some assistance information before making any change.
3. How Step 4 is performed is not as clear as other steps. During the discussion it was ever proposed that in Step 4 gNB2-CU forwards the updated coverage configuration of gNB-DU1 directly toward gNB-DU2, but it was not agreed. Instead, companies assumed that gNB-DU1 can know such information on its own, e.g. by MDT mechanics.
2.2. How AI may help CCO
At first we would like to propose that the work split between gNB-CUs and gNB-DUs follows a similar way as legacy CCO.
Proposal 1: The work split between gNB-CUs and gNB-DUs should follow a similar way as legacy CCO, i.e. after introducing AI/ML, it is still the gNB-DU’s work to resolve CCO problem whereas gNB-CU may provide a little information (e.g. indicating what cell or SSB area is facing problem).
And between the work in gNB-CUs and the work in gNB-DUs, we believe that what AI may help more is the work in gNB-DUs: It is far more complex to figure out the detail of the coverage or capacity problem and to find a solution than to indicate that there is a problem. The works in gNB-CUs, on the other side, can easily work well on statistics, e.g. for Step 1, the gNB-CU can raise an issue based on enough UE reports; and for Step 4, the gNB-CU can also figure out what configurations match best based on historical statistics.
Observation 1: Works in gNB-CU can easily work well based on non-AI statistics.
Some company may argue that gNB-CUs may “predict” that one cell or beam will soon face CCO problem, and may indicate it toward gNB-DUs. However, we consider such prediction hard to generate and hard to use:
Any change on coverage or capacity status usually happens either instantly (e.g. change of coverage of another cell) or very slowly (in days, e.g. building a tower), and seldom happens in seconds, making any prediction in seconds tends to be “always the same value as current status”.
And the gNB-DUs, as pointed by companies during the discussion for legacy CCO, rely on radio measurement and/or MDT reports to get aware of details of problem (e.g. what coverage configuration its neighbour uses). If the problem is “to happen” and does not exist, the gNB-DU surely cannot get aware of details of the problem by legacy means of radio measurement and/or MDT reports, halting any further action until the problem actually occurs. Moreover, CCO aims at trade-off between coverage and capacity, therefore adjusting coverage before problems actually occur will only worsen network performance.
Observation 2: It is virtually unfeasible and useless for gNB-CUs to predict future CCO problems.
Proposal 2: To focus on AI-assisted coverage and capacity problem resolution in gNB-DUs.
And what is more, we believe that gNB-DUs may trigger coverage adjustment as well, further weakening the motivation of enhancing the gNB-CUs.
Proposal 3: It is not precluded in the study phase that gNB-DUs are permitted to trigger coverage adjustment on its own (i.e. not upon gNB-CUs’ request).
The major motivation of CCO is for better network performance, so it is natural to let the decision-making node to learn about how network performance changes. More precisely, CCO aims at the balance between coverage (minimising RLF number at cell border) and capacity (minimising interference), both of which involves both the served cell and the neighbour cell. It is therefore essential for neighbouring nodes to exchange each other’s performance, as well as forwarding such information toward gNB-DUs.


Figure 2: Typical working flow of AI-assisted CCO.
Proposal 4: To study how neighbouring nodes exchange each other’s performance (including what metric may be beneficial), and forwarding such information toward gNB-DUs.
3. Conclusion
Proposal 1: The work split between gNB-CUs and gNB-DUs should follow a similar way as legacy CCO, i.e. after introducing AI/ML, it is still the gNB-DU’s work to resolve CCO problem whereas gNB-CU may provide a little information (e.g. indicating what cell or SSB area is facing problem).
Observation 1: Works in gNB-CU can easily work well based on non-AI statistics.
Observation 2: It is virtually unfeasible and useless for gNB-CUs to predict future CCO problems.
Proposal 2: To focus on AI-assisted coverage and capacity problem resolution in gNB-DUs.
Proposal 3: It is not precluded in the study phase that gNB-DUs are permitted to trigger coverage adjustment on its own (i.e. not upon gNB-CUs’ request).
Proposal 4: To study how neighbouring nodes exchange each other’s performance (including what metric may be beneficial), and forwarding such information toward gNB-DUs.
One TP is provided based on these proposals.
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