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Editor Note: capture the use cases description and benefits of the use cases
Coverage and Capacity Optimization (CCO) is one of the typical operational tasks to optimize the radio access network (RAN). CCO has been identified as a key use case for SON since LTE, which aims to provide the required capacity in the targeted coverage areas and to minimize the interference and maintain an acceptable quality of service in an autonomous way. There is a trade-off between coverage and capacity optimization, capacity enhancements are usually at the expense of service coverage degradations, and vice versa. There is a need to balance and manage the trade-off between the two.

CCO allows the system to periodically adapt to the changes in traffic (i.e. load and location) and the radio environment
by automatically adjusting coverage for the cells that serve a certain area for a particular traffic situation. Due to the introduction of beam based antenna structures the set of configurable antenna and RF parameters are multi-dimensional. It is very complex to find the mapping between network configurations with target coverage and capacity performance. To make it feasible, some kind of machine learning techniques could be utilized which will leverage on the data collected in the RAN network. The collected data could be UE measurements, performance measurements, events and other monitoring information, also taking into account beamforming and massive MIMO - related information. These inputs could help the operator firstly identify the coverage and capacity problems, for instance, coverage hole, weak pilot pollution, overshoot coverage and DL and UL channel coverage mismatch and further perform the coverage and capacity optimization. 

Coverage holes with unbalanced DL and UL channel coverage require consideration. The concept of RLF reporting from UE to RAN node and corresponding analysis provide the means to identify coverage holes and separate them from mobility related RLF failures, but a more detailed analysis of the root cause of a coverage hole is needed for an efficient CCO algorithm to detect UL channel coverage holes. Providing knowledge about root cause of a coverage hole by more elaborated analysis in the RAN node can trigger the right countermeasures quicker and more reliably.  

The use cases addressed by the CCO solution for NR can be classified as follows.
Use case 1: Coverage problems
This use case focuses on scenarios where the coverage of reference signals is sub-optimal, leaving the UE exposed to failures or degraded 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.

Use Case 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


[bookmark: _Toc527969760][bookmark: _Toc528315159]5.1.2	Solution description
Editor Note: Capture the solutions for the use case, including the procedure for configuration and collection of measurements, necessary procedures and information exchange required for the solution, as well as comparison and evaluation on potential alternative solutions.
Solutions for CCO are based on the capability to adapt cell/beam coverage to achieve better system performance. Solutions can be generalised as made of two components: 

· Detection of coverage and/or capacity issue
· Action to resolve the issue

5.1.2.1	Detection of Coverage and Capacity Issues
To detect coverage and capacity issues not only information about failure cases are needed but also information about 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 from UEs
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 from UEs
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 source and target cells, e.g. UE measurements on source and target reference signals, e.g. SSBs, at the time of failure (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 made by UEs per Beam/Cell ID of a serving cell and of a target cell.
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

· UE measurements 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.

5.1.2.2	Possible actions to resolve detected issues
Once the CCO function has a good understanding of the coverage and capacity status of the cells/beams at its hosting RAN node and possibly at neighbouring nodes, the CCO function can trigger a corrective action to address such issue. 
For such purpose the gNB-CU should provide to the gNB-DU an indication of the problem encountered, leaving to the gNB-DU freedom to address such problem in the best way its implementation allows. The latter is due to the fact that cell/beam management is responsibility of the DU.
As an example, if the CCO analysis reveals that there is a coverage hole at the edge of beam X, gNB-CU should signal an indication of 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 its resources, e.g. available power. 
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 for cell edge interference reduction purposes. 
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, an UL/DL coverage disparity exists. gNB-DU shouldl then take actions to correct such issue.
An inter RAN node signalling solution to coordinate changes of coverage amongst RAN nodes should be specified. 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.
A generic example of the solutions outlined above is given in Figure 5.1.2.2-1


Figure 5.1.2.2-1. Example of CCO solutions to address different types of detected issues
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