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1	Introduction
At RAN3#111-e, in relation to CCO issue detection and resolution, the following options were discussed but no agreement on any of them was taken:
· a.	gNB-CU decides that a coverage modification is needed
· b.	gNB-CU indicate what the problem is to gNB-DU
· c.	gNB-CU provide proposed coverage change(s) to the gNB-DU
· d.	gNB-DU provide the agreed change back to the gNB-CU
The above options should lead to a decision for the following questions:
· Who decides that a coverage modification is needed: gNB-DU or gNB-CU
· Who decides how to modify the coverage: gNB-DU or gNB-CU

In relation to the steps above, this paper discusses:
· CCO detection in NR
· CCO resolution in NR
A sample TP for TS 38.300 is provided in Appendix A.
2	Discussion
2.1. CCO detection in NR
In NR, a CCO function can detect the presence of a Coverage problem or a Capacity problem using many inputs. TR 37.816 also indicates that: 
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 the disaggregated gNB scenario, the gNB-CU should provide relevant information to the gNB-DU, leaving to the gNB-DU freedom to address such problem.

From a function point of view, for a disaggregated gNB, the gNB-CU-CP is the functional entity responsible for traffic control for the cells served by the gNB and for inter-node communication. It receives layer 3 measurements on coverage and capacity (e.g. revealing UE proximity to neighbours and interference levels); it receives UE reports such as the Connection Establishment Failure report, the RACH Report and the RLF Report, which help deducing issues with UE coverage; it keeps information of own load and receives load information from neighbor nodes. It is therefore the gNB-CU-CP the entity responsible for detecting the presence of a CCO issue. 
Proposal 1: RAN3 to agree that gNB-CU-CP is responsible to detect CCO issues. 

2.2. CCO resolution in NR

In our understanding two approaches to resolve a CCO issue were discussed at RAN3#111-e.
In a first approach, more configuration oriented, the gNB-CU-CP proposes one or more possible configurations that gNB-DU can select to solve the problem.
In a second approach, more automation oriented, the gNB-CU-CP identifies the problem and leave to gNB-DU all the freedom it needs to solve it.
We think that the first approach has some drawbacks:
· It presents challenges in terms of inter-vendor scenarios where alignment not covered by 3GPP is needed between for the  gNB-CU-CP and gNB-DU. A gNB-CU-CP and a gNB-DU of different vendors will need to reach the same understanding of cell configurations, e.g. provided by OAM, to be used to solve the CCO issue detected. A cell configuration is provided in terms of a set of parameters determining how the cell operates. The gNB-DU has ownership of RF, L1 and L2 and has an implementation specific understanding of how a certain cell configuration will translate into coverage. The gNB-CU has no visibility over the gNB-DU implementation in terms of RF, L1 and L2 and it is unclear how the gNB-CU can gain an understanding of cell coverage that coincides with the one the gNB-DU will achieve.
· For the gNB-CU-CP to select the right configuration to propose to gNB-DU, gNB-CU-CP needs to know the status of the gNB-DU and gNB-DU capability to enable the suggested configuration at a given point in time (e.g. knowledge of the beam management function). Again, this implies an understanding at gNB-CU-CP of gNB-DU’s RF and L1, which is not available as per today’s standard.
· It introduces constraints to RAN self-optimizations, where a gNB-DU can learn with time what the optimal configuration is when a certain issue is detected
· As AI/ML is expected to be more and more in focus, such static configuration based solutions are restrictive. It appears to be more future proof to prepare for a more dynamic behavior of the RAN 
In the second approach, there is a clear separation of roles, and the gNB-CU-CP informs gNB-DU that a CCO issue is present (coverage, capacity, uplink-downlink imbalance). There is no pre-selected cell coverage configuration  passed from gNB-CU-CP to gNB-DU. The gNB-DU has the freedom to address the problem as deemed appropriate. 
The DU is the functional entity executing the modification of the coverage envelope to resolve the CCO issue. This is because the gNB-DU owns the functions managing cell resources that realize a cell and its coverage. Moreover, the gNB-CU-CP is not informed over F1AP about details of beam management, since this is responsibility of the gNB-DU. 
Proposal 2: RAN3 to agree that gNB-DU is responsible for executing a coverage modification for CCO issue resolution. 

Once a coverage modification has been applied, the gNB-DU needs to inform the gNB-CU-CP of the configuration change, so to allow the gNB-CU to adjust its policies accordingly, e.g. MRO configurations, MLB configurations, mobility configurations may change if the gNB-CU is informed of a new cell coverage configuration. This step can be seen as a feedback, enabling the gNB-CU-CP to learn if the new configuration was appropriate (i.e. if the CCO issue was solved) or not.
Another reason why the gNB-DU needs to inform gNB-CU-CP that coverage has been modified, is the need of a coordinated coverage optimization between neighbor nodes, and the gNB-CU-CP is the functional entity responsible for inter-node communication.
Proposal 3: RAN3 to agree that gNB-DU is responsible to inform gNB-CU-CP that a coverage modification has occurred for CCO issue 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, can 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 to the actions performed at the source gNB. 
Proposal 4: RAN3 to agree that gNB-CU-CP is responsible to send (receive) an indication to (from) a neighbour gNB that a coverage modification has been applied. 
Proposal 5: A gNB that receives from a neighbor gNB, indication of coverage updates at the neighbor gNB due to a CCO issue, may adapts the coverage of its cells accordingly. 

A high-level signaling flow for CCO issue detection and resolution in NR is shown in the figure below. 
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Figure 1 – CCO Resolution in NR
Steps 1-2 relate to the intra-gNB scenario, steps 3-5 are required for the inter-gNB scenario. For simplicity, the return message of each procedure is not shown.
(1) gNB-CU-CP1 sends to gNB-DU1 a CCO Assistance information (e.g. the type of CCO issue detected and a Coverage Modification Request with the list of affected cells and SSBs). Note that gNB-CU-CP1 only detects the issue and flags to the gNB-DU1 the involved cells and SSBs, leaving to the gNB-DU to decide how to resolve the issue.
(2) gNB-DU1 selects a new configuration based on historical data and collected measurements. gNB-DU1 sends to gNB-CU-CP1 an indication of the applied coverage modification (Coverage Modification Response)
(3) gNB-CU-CP1 sends to the gNB-CU-CP2 a CCO Assistance information (e.g. a Coverage Modification List) along with a list of affected cells and SSB and the new configuration being selected
(4) gNB-CU-CP2 sends to gNB-DU2 a CCO Assistance information (e.g. the type of CCO issue detected and a Coverage Modification Request with the list of affected cells and SSBs). With this step, gNB-DU2 is informed of the changes applied by the neighbour gNB-DU1 and based on historical data it can select the configuration that best fits to these changes.
(5) gNB-DU2 selects the new configuration and sends to gNB-CU-CP2 an indication of the applied coverage modification (Coverage Modification Response)



2.3. Xn support for SSB beam coverage optimization
As per RAN3#111-e discussion, it is FFS whether CCO over Xn is signaled as separate per cell state information and SSB state information or whether each cell state reflects a specific SSB configuration.
An example of CCO issue related to capacity is shown in Figure 2, reporting an high interference due to traffic hotspot at cell edge. As for the case in the figure, when NR cell coverage is realized with multiple SSB beams, the CCO issue can be solved by modifying the coverage envelope at SSB beam level.
With respect to Figure 2, 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 more coarse 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.  gNB2 that needs to deduce the coverage state change of SSB 0 would focus on measurements concerning that specific SSB, instead of processing all cell related measurements for Cell A and then narrow down the scope of the CCO change to that specific SSB. This makes the process of deducing the coverage changes of a CCO action considerably lighter from a computational point of view and more likely to converge within short time frames.
If the concern is to minimize the level of signalling, then one possible solution to achieve an efficient signalling can be, for example, to use different granularity of the signalling depending on the number of SSB beams affected by CCO issue resolution:
· if many SSB beams are affected at the same time by a CCO resolution, a coarse cell level granularity maybe sufficient. 
· if any one or very few SSB beams are affected by a CCO resolution, it seems advantageous to allow an explicity per-SSB “coverage state”. This would also limit the number of required per-beam “coverage states”
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[bookmark: _Ref58766199]Figure 2 – Coverage update in gNB2 following a coverage update in gNB1


Proposal 5: Enable per-SSB coverage state signaling over Xn as an option for SSB beam coverage optimization. 



Conclusions
[bookmark: _Hlk58306597][bookmark: _Hlk61364291]Observation 1: CCO scenarios require a coordinated coverage optimization between neighbor nodes. 
Proposal 1: RAN3 to agree that gNB-CU-CP is responsible to detect CCO issues and to send/receive the indication of coverage modification to/from a neighbor gNB. 
Proposal 2: RAN3 to agree that gNB-DU is responsible to execute the modification of cell coverage envelope and to inform gNB-CU-CP that a coverage modification has occurred. 
Proposal 3: RAN3 to agree that gNB-CU-CP informs gNB-DU about the detection of a CCO issue. 
Proposal 4: A gNB that receives from a neighbor gNB, indication of coverage updates at the neighbor gNB due to a CCO issue, may adapts the coverage of its cells accordingly. 
Proposal 5: To support CCO signaling over Xn for SSB beam coverage optimizations, a list of SSB beams identifiers associated to a coverage status can be signaled between gNBs. 
Observation 2: It is possible to detect gaps in the coverage border perceived by different gNBs for the same cell. 
Proposal 6: For CCO issue detection, cell coverage measurements collected at cell edge can be sent from the gNB that controls the cell towards a neighbor gNB.

A sample TP mirroring the proposals for 38.300 is in Appendix A.
A sample TP mirroring the proposals for XnAP is in [2].
A sample TP mirroring the proposals for F1AP is in [3].
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Appendix A - Sample TP for 38.300 for CCO
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15.5.X	Support for CCO
15.5.X.1	General
The objective of NR Capacity and Coverage Optimization function is to address the following:
· Coverage issues
· Capacity issues
The CCO function addresses coverage issues due to bad coverage planning, resulting in a suboptimal coverage of reference signals. UEs are exposed to failures or degraded performance, e.g. when a coverage hole is found or an UL/DL disparity is encountered. It is worth noticing that Mobility Robustness Optimization (MRO) is expected to take care of all types of failures due to wrong mobility settings within a network with good cell coverage planning. 
The CCO function addresses capacity issues due to UEs served at the border between cells/beams and utilizing the same resources or due to suboptimal coverage of data channels. In such scenarios, the cell/beam capacity is saturated, and one or more UEs are subject to failures or suboptimal performance. The issue may be caused by a number of reasons, e.g. an high demand of services exceeding the cell/beam available resources, or poor radio conditions affecting a large proportion of the served UEs (for example 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 Mobility Load Balancing (MLB) takes care of load distribution via inter-frequency mobility, i.e. where cross cell interference is not an issue.
An NR CCO function consists at least of the following:
· Detection of the CCO issue;
· Actions to resolve the CCO issue.

An CCO issue can be solved by means of:
· cell coverage adjustment;
· SSB coverage adjustment.

For an NG-RAN node in split architecture:
· gNB-CU is responsible to detect the CCO issue and to signal the CCO issue and the actions taken for its resolution to a neighbor NG-RAN node;
· gNB-DU is responsible to execute a coverage update to solve the CCO issue, in the best way its implementation allows.


15.5.X.2 	Input for CCO issue detection in NR
To detect a CCO issue in NR, the following input can be considered:
· UE measurements for source cell/beam RS;
· UE measurements for target(s) cell/beam RS;
· Failure events associated to source and target cells;
· RACH related information (e.g. access, configuration);
· Interference measurements (e.g. RSRQ on a per UE basis);
· UE measurement reports on coverage or interference for SSB and/or CSI-RS beams;
· Cell load and other performance information from target cell and neighbor cells.


15.5.X.3 	Actions for CCO issue resolution in NR
The NR CCO function may trigger actions to adjust cell and/or beam coverage in a coordinated manner between NG-RAN nodes.
The resolution of a CCO issue in NR, for the intra-NG-RAN node case includes the following:
1) gNB-CU-CP assists the gNB-DU to detect the presence of the CCO issue
2) gNB-DU executes updates of the cell coverage envelope in the best way its implementation allows
3) gNB-DU informs gNB-CU-CP of the new configuration status.

The resolution of a CCO issue in NR, for the inter-NG-RAN node case includes the following:
- steps 1) to 3) as described for the case of intra-NG-RAN node, executed by NG-RAN node1
- NG-RAN node1 informs the NG-RAN node2 of the presence of a CCO issue and the actions pursued by NG-RAN node1
- steps 1) to 3) as described for the case of intra-NG-RAN node, executed by NG-RAN node2.


/////////////////////////////////////// End of Changes ///////////////////////////////////////////////
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