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Introduction
As discussed in R3-190828 CCO should be based on the cell shaping solution for LTE and it should mainly address the new NR scenarios concerning beam based cell structures and UL/DL coverage disparity.
In this paper we take a first overview at the design principles of a solution for CCO. 
[bookmark: _Ref178064866]Discussion
Solution Principles
In order to have an understanding of the design principles a CCO solution should follow we should start with a classification of the issues CCO should address.
· Issue class 1: Coverage problems
Within this issue we encounter cases where the coverage of reference signals is sub-optimal, leaving the UE exposed to failures or sub-optimal performance, e.g. when a coverage hole is found or where UL/DL disparity is encountered. It is worth noticing that MRO will take care of all types of failures due to wrong mobility settings within a network with good cell planning. That implies that CCO should address cases where the root cause of the problem is due to a bad coverage planning.

· Issue class 2: Capacity problems
Within this class we find cases where capacity within a cell or beam is saturated, resulting in one or more UEs being subject to failures or suboptimal performance. There are a number of reasons for such event, such as high demand of services which exceeds resources available in the cell/beam or poor radio conditions affecting a large share of served UEs (for example where a large number of UEs is at cell edge, causing high interference to other UEs and consuming large amounts of resources). 
It is worth noticing that MLB will take care of load distribution via mobility and that such mobility load balancing is done mainly in inter frequency scenarios, i.e. where cross cell interference is not an issue. That implies that CCO should address cases where the root cause of the problem is due to serving UEs at cell/beam edge, where the “edge” is between cells/beams utilising the same resources
Proposal 1: The CCO solution should focus either on problems where the root cause is sub-optimal coverage planning or on problems where the root cause is cell edge interference 
The reason why it is useful to define the problem scope of CCO in this way is that the actions to solve the identified problems can be nicely clustered in one area, namely the capability to adapt cell/beam coverage to achieve better system performance. Figure 1 shows an example of such actions for various types of problems.



Figure 1: example of solution for coverage (left) and capacity (right) issues via coverage area corrections

Proposal 2: It is proposed that the CCO solution mainly focuses on coverage adjustment tools to achieve improved coverage and capacity
In light of the above, the first question to answer should be how can the problems of coverage and capacity described be identified. It is worth noticing that one would not only need information about failure cases but also information about presumably successful events. For example, a sub-optimal coverage planning between neighbour cells may not always imply that UEs handing over between these cells are subject to RLFs. Nevertheless, the handover may be suboptimal and the UE may fail RACH access in the original target beam, while succeeding it in a different beam because there is a “gap” in coverage in the mobility area. 
An initial list of information that would be needed to the CCO function to detect coverage and capacity issues would be the following:
· Per source cell/beam RS measurements 
This is useful to understand the signal strength of the serving RS and to check whether the serving cell coverage is sufficiently good or not

· Per target(s) beam/cell RS measurement
This is useful to understand the signal strength of neighbour cells/beams, which are potential mobility targets. With this information it is possible to understand if the coverage of serving cell and that of neighbour cells have excessive/sufficient/insufficient overlap, e.g. it helps deducing if DL coverage holes are in place

· Information on failure events associated to above source and target measurements (likely included in RLF Reports)
This information is evidence of either wrong mobility setting or of coverage issues. The CCO function should correlate this information with other UE measurements to understand whether the failure is symptom of bad coverage planning, in which case a CCO action is needed, or if the failure is purely the symptom of bad mobility setting, in which case CCO should not react and leave functions like MRO to react instead

· Information about RACH access: 
· Number of RACH attempts per Beam/Cell ID
The RAN configures the UE to start RACH access for a given beam starting from a pre-set transmission power level and ramping up such power at every step, in a pre-set way. By knowing the number of RACH access attempts towards a beam the CCO function also knows the transmission power used by the UE per attempt and deduces potential UL coverage issues in case RACH does not succeed

· Information about successful/failed RACH access together with the cell/beam ID where the access was attempted.
This information is essential to understand in which beams RACH access failed/succeeded. Together with number of attempts it helps building a map of UL coverage

· Measurement of DL RS of the beam/cell where RACH access is attempted.
This is needed to compare DL coverage vs UL coverage for a beam for which RACH access is attempted. Comparing this information with number of RACH attempts per beam and successful/failed RACH access per beam it is possible to understand if UL/DL coverage disparities exist.
 
· Interference measurements on a per UE basis (RSRQ)
This information enables the CCO function to understand if UEs are subject to excessive interference. When used together with source and target RS measurement information it allows to understand whether UEs at cell border are subject to high interference. The CCO function at the RAN is also able to correlate this information with the resources utilised to serve cell edge UEs. The CCO function is therefore able to deliberate whether there is a need for cell/beam border change in order to ease the situation of capacity utilisation and interference arising from UEs being served at cell/beam edge.

The descriptions above should explain how the CCO function is able to gather information about coverage and capacity by means of collecting the measurements listed. 
Once the CCO function has a good understanding of the coverage and capacity status of the cells/beams at its hosting RAN node, the CCO function can trigger a corrective action to address such issue. While in LTE an eNB can trigger such actions in a node implementation specific way, in NR such actions require signalling between a gNB-CU and a gNB-DU. 
The gNB-CU should provide to the gNB-DU an indication of the problem encountered by means of the CCO analysis, leaving to the gNB-DU freedom to address such problem in the best way its implementation allows. 
As an example, if the CCO analysis reveals that there is a coverage hole at the edge of beam X, gNB-CU should signal such problem statement to the gNB-DU and allow the gNB-DU to modify the coverage of the concerned beam in a way that best fits e.g. its available power resources. 
Likewise, if a hotspot of UEs generate excessive interference at cell edge, the gNB-CU should signal the gNB-DU with an indication that cell coverage should be modified to fully include or exclude such UEs. 
In the case of UL/DL coverage disparity, the gNB-CU should signal the gNB-DU with an indication specifying that for a given beam DL coverage is broader than UL. gNB-DU will then take actions to correct such issue.
Obviously, the CCO solution should also address inter RAN node signalling to coordinate changes of coverage. For that, an index based solution such as the one in LTE could be adopted, or in general a solution based on RAN nodes learning the coverage configuration of neighbour nodes and adapting accordingly could be a nice trade off between complexity and effectiveness.
Proposal 3: It is proposed that CCO actions are coordinated via inter RAN node signalling
Proposal 4: It is proposed that CCO corrective actions are triggered by the gNB-CU to the gB-DU by means of indications on the detected problem, leaving to the gNB-DU implementation freedom to address the problem in the best way allowed by its implementation
Below, a description of how CCO can gather information, detect a number of issues, and trigger corrective actions is shown.


Figure 2: example of CCO measurement gathering, problem detection and triggered correction indication. 
Conclusion
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In this paper an initial overview of how the CCO function could work is presented. The paper resented a list of scenarios CCO should be able to address, a list of measurements that could be useful to CCO for identifying the issues listed, a list of possible actions CCO could take to address the issues encountered.
It is proposed to agree to the following principles derived for the CCO solution:

Proposal 1: The CCO solution should focus either on problems where the root cause is sub-optimal coverage planning or on problems where the root cause is cell edge interference 
Proposal 2: It is proposed that the CCO solution mainly focuses on coverage adjustment tools to achieve improved coverage and capacity
Proposal 3: It is proposed that CCO actions are coordinated via inter RAN node signalling
Proposal 4: It is proposed that CCO corrective actions are triggered by the gNB-CU to the gB-DU by means of indications on the detected problem, leaving to the gNB-DU implementation freedom to address the problem in the best way allowed by its implementation
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