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1	Introduction
At RAN3#112-e, the following issues have been captured as to be continued:
Issue 1: In LTE, it OAM defines a set of alternative coverage configurations to be used for cells served by a node. Does this apply also for NR?
Issue2: If one node modifies the coverage of one or more cells, a neighbor node may also adjust the coverage of one or more cells. Is there any limitations e.g. that the node shall not reduce the aggregated coverage of his served cells? If not, is there any additional configuration from OAM needed to support this or are the involved nodes completely free to adjust (keeping in mind any limitations from Issue 1 above)?
This paper discusses the above issues and aspects related to CCO issue detection and solution for the inter-gNB case.

2	Discussion
2.1. CCO use cases and solution description
To progress the discussion concerning CCO, we think it is good to recall the use cases agreed for CCO and described in TR 37.816, clause 5.1.1.
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 some cases were found 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.
Observation 1: RAN3 agreed that CCO issue can relate to a Coverage problem or to a Capacity problem. Especially for resolutions of  capacity problems, adaptation of cell borders for all neighbouring cells is needed.
It is also good to remind the solution description provided for CCO issues, also included in TR 37.816, clause 5.1.2.
Solutions for CCO are based on the capability to adapt cell/beam coverage to achieve better system performance. Solutions can be generalized as made of two components: 
-	Detection of coverage and/or capacity issue
-	Action to resolve the issue
Generally, there are two types of network coverage adjustment, i.e. long term cell RF parameters tuning and short term cell coverage switching among pre-configurations. The long term cell RF parameters tuning is usually hosted by OAM and relies on UE radio measurements, e.g. RSRP, RSRQ, call drops statistics, etc which collected by MDT or performance management function. 
The short term cell coverage switch is implemented by NG-RAN node. The dynamic cell coverage configuration change function will be support by exchanging the cell coverage change information between two neighbouring NG-RAN nodes, including Cell Coverage State, Cell Deployment Status Indicator, and Cell Replacing Info. The LTE mechanism can be taken as a baseline.

Observation 2: RAN3 agreed that CCO issue related to a Coverage problem or related to Capacity problem can be solved adapting cell/beam coverage. 

2.2. Inter-gNB CCO issue detection and resolution
When a coverage modification is applied at one (source) gNB, at least the (target) neighbor gNB involved in the CCO issue needs to be informed about it. In fact, the neighbour gNB receiving such indication, may use it to adapt the coverage of its cells accordingly. In practice, this means that the neighbour gNB may send back to the source gNB a new coverage state, resulting from the changes done to adjust in response to the actions at the source gNB. 
Proposal 1: gNB-CU-CP can send (receive) an indication to (from) a neighbour gNB that a coverage modification has been applied due to CCO. 
Proposal 2: A gNB receiving from a neighbor gNB, an indication of coverage updates at the neighbor gNB due to CCO, may adapts the coverage of its cells/beams accordingly.
It should be noted that the proposals above are also implicitly supported in the LTE solutions.
2.2.1. CCO capacity issue detection and resolution
We first observe that if a gNB-DU can apply a given change to the coverage of SSB beams, it is plausible to assume that it can apply the same or similar level of change to data channel beams (CSI-RS). In other words, a gNB can automatically adapt massive MIMO configurations when a change of RS coverage area (SSB beams) is applied.
Observation 3: In a RAN implementation, changes of SSB beam coverage can be followed by changes of data channels coverage. 
In the example below, we show a CCO capacity related issue solved by means of SSB beam adjustment.
A traffic hotspot is present at the border between cell 1, SSB beam 0, and cell 2, SSB 2. The gNB-CU-CP of gNB1 detects that there is a large number of UEs at the edge of cell 1 for SSB 0, causing high interference to other UEs and consuming large amount of resources. The gNB-CU-CP of gNB1 indicates the presence of the issue to the gNB-DU. The gNB-DU dynamically modifies the coverage of cell 1, SSB beam 0 by switching to a configuration which reduces cell edge interference and confirms the change to gNB-CU-CP. The gNB1 coordinates with gNB2, informing that coverage of cell 1, SSB 0 has been modified. gNB2 can in turn decide to adjust the coverage of its cells/beams, in the example, cell2, SSB beam 2.
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Considering the provided example, an SSB based coverage tuning can be a viable solution to solve a CCO capacity issue, and address the capacity problem described in TR 37.816, clause 5.1.1. As already agreed, a CSI-RS based beam coverage tuning is not covered for Rel-17. Nevertheless, an SSB based coverage tuning can be regarded as a coarser way to achieve a change in data channel beams as well, achievable in Rel-17.
Observation 4: A cell/SSB beam based coverage tuning is a viable solution to solve a CCO capacity issue. 
Likewise, a per SSB beam CCO action may also bring advantages when it comes to CCO coverage issues because of the increased granularity it would offer in modifying cell coverage.
Proposal 3: A cell and/or a SSB beam based coverage tuning can be used to solve a CCO capacity and coverage issues.
With respect to Figure above, if gNB2 receives the indication that only the “coverage state” for SSB0 of gNB1 is affected by CCO resolution, there is an advantage compared to a coarser cell level “coverage state” in that the learning process to understand the actual coverage corresponding to a “state” will focus only on the affected SSB.  If the gNB2 needs to deduce the change in coverage state for SSB 0 it would focus on learning the new state using the measurements of that specific SSB. The process of deducing the coverage changes of a CCO action is considerably lighter from a computational and a UE configuration point of view, compared to using all the measurements available in the cell. This advantage is more visible as the number of SSB beams in a cell increase. 
The gain of a faster convergence in finding the optimal coordinations between neighbor gNBs reduces when many changes are needed (i.e. many SSB beams of the gNB are affected at the same time). In this case, cell level granularity is probably enough. 
Therefore, we think a good balance between exploting the finer granularity offered by NR compared to LTE (SSB beams), minimizing the inter-node signaling and achieving a fast convergence of the process is the following:
· use a cell level granularity if many SSB beams are affected at the same time by a CCO resolution
· use a SSB beam level granularity if one or very few SSB beams are affected by a CCO resolution. This would also limit the number of required per-beam “coverage states”
Proposal 4: Enable per-SSB coverage state signaling over Xn as an option for SSB beam coverage optimization. 
A sample TP for TS 38.300 according to the proposals is provided in [1].
A sample TP mirroring the proposals for XnAP is in [2].

Conclusions
[bookmark: _Hlk58306597][bookmark: _Hlk61364291]In this paper the below observations and proposals have been made.
Observation 1: RAN3 agreed that CCO issue can relate to a Coverage problem or to a Capacity problem. Especially for resolutions of  capacity problems, adaptation of cell borders for all neighbouring cells is needed.
Observation 2: RAN3 agreed that CCO issue related to a Coverage problem or related to Capacity problem can be solved adapting cell/beam coverage. 
Observation 3: In a RAN implementation, changes of SSB beam coverage can be followed by changes of data channels coverage. 
Observation 4: A cell/SSB beam based coverage tuning is a viable solution to solve a CCO capacity issue. 

Proposal 1: gNB-CU-CP can send (receive) an indication to (from) a neighbour gNB that a coverage modification has been applied due to CCO. 
Proposal 2: A gNB receiving from a neighbor gNB, an indication of coverage updates at the neighbor gNB due to CCO, may adapts the coverage of its cells/beams accordingly.
Proposal 3: A cell and/or a SSB beam based coverage tuning can be used to solve a CCO capacity and coverage issues.
Proposal 4: Enable per-SSB coverage state signaling over Xn as an option for SSB beam coverage optimization. 
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