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1	Introduction
[bookmark: _Hlk85056314]At RAN3#113-e, the following has been captured:
WA: gNB-DU makes the final decision on which coverage configuration to use (since the gNB-DU is the only one who knows the resource situation). The CCO coverage configuration decided by the gNB-DU shall respect coverage configuration parameters limitations provided by the OAM. 
It is proposed gNB-CU signals to the gNB-DU at least the type of issue (e.g., coverage, cell edge capacity) and the cells affected by it over F1
So far, the identified CCO use cases include the cell edge capacity, coverage, FFS on other use cases.
It is FFS whether there is any configuration from OAM regarding the CCO configuration a Cell A can take, in case a neighbour Cell B adopts a given CCO configuration.
It is FFS whether the gNB-CU provides the coverage modification suggestions to the gNB-DU
This paper discusses the above issues and aspects of NR CCO solution.


2	Discussion
2.1. Options for NR CCO
We can identify the following alternatives for NR CCO solution:
1) a “centralized solution”, that is, a solution totally contained in OAM, where OAM configures coverage options for a RAN node and its neighbor/connected RAN nodes. Such solution is under discussion in SA5
2) a “decentralized solution”, where a RAN node (particularly a gNB-DU) can take decisions concerning coverage configuration. OAM may provide configuration parameters with the purpose to give boundaries to the coverage modification actions a gNB-DU can take. A RAN node indicates a CCO configuration change to neighbor/connected RAN nodes, which may be free to take matching CCO actions and signal the result of such actions to its neighbor/connected RAN node. Such solution is under discussion in RAN3.
3) a “hybrid solution”, where OAM indicates to a RAN node the allowed options of coverage mapping that a serving and a neighbor RAN node can choose. The RAN node select one of the proposed options. 
Option 1) lies in the realm of SA5 and is totally transparent to RAN3 in terms of specification impact. Nevertheless, it  should be considered when analizing the “other” RAN3 alternatives. 
First of all, we would like to reiterate some of the main points discussed concerning the responsibility of the gNB-DU within a CCO solution, i.e.: 
· gNB-DU is the entity responsible for beam management and executing modifications of coverage envelope (irrespective if this concerns the resolution of a CCO issue or other issues).  
· gNB-CU-CP is not informed over F1AP about details of beam management
The above is confirmed by the agreements taken in past RAN3 meetings and reported below
gNB-DU makes the final decision on which coverage configuration to use. The CCO coverage configuration decided by the gNB-DU shall respect coverage configuration parameters limitations provided by the OAM.  

The above should be interpreted together with the following agreement made at RAN3-113e:
It is proposed gNB-CU signals to the gNB-DU at least the type of issue (e.g., coverage, cell edge capacity) and the cells affected by it over F1
From the above two agreements the following can be concluded:
Conclusion 1: A CCO solution is based on (but not limited to) the gNB-CU signalling to the gNB-DU at least the type of issue (e.g., coverage, cell edge capacity) and the cells affected by such CCO issue. The gNB-DU makes the final decision on which coverage configuration to use. 
In general, we can see that a decentralized solution (2) is well aligned with the current status of discussion in RAN3. It enables a more dynamic solution for NR (as compared to LTE), and is prepared for more “RAN intelligence”, achieveable by AI/ML (not to be seen as limited to currently discussed use cases).
At the same time, we think that a “decentralized solution” and a “centralized solution” can complement each other. For example, to cover possible cases where AI/ML and RAN self optimization is not (yet) supported nor achievable, a centralised OAM based solution seems a valid alternative.

If we consider these two options for CCO solution, we think that an “hybrid solution” is not needed. Let’s consider, for example, the following items marked as to be continued at RAN3#113-e:
It is FFS whether there is any configuration from OAM regarding the CCO configuration a Cell A can take, in case a neighbour Cell B adopts a given CCO configuration.
It is FFS whether the gNB-CU provides the coverage modification suggestions to the gNB-DU
Regarding the first issue:
· If a “decentralized solution” is used, each node is free to take matching CCO actions and signal the result of such actions to its neighbor/connected RAN nodes.
· If a “centralized solution” is used, each RAN node will get configuration parameters from OAM, and decisions on coordinated configuration changes will be taken centrally.
The above clearly explains that the scope of a hybrid solution is entirely covered by either a decentralized solution or a centralized solution.
Regarding the second issue, the case where gNB-CU can provide coverage modification suggestions to the gNB-DU has been brought up as part of a general idea where a gNB-DU is configured via OAM with different coverage configuration options and a gNB-CU is configured via OAM with suitable coverage combinations. Again, in case of a “centralized solution” this does not seem really needed (OAM is in control of the coverage options that each RAN node selects). For the case of a “decentralized solution”, this does not seem to be needed either, since the gNB-DU is responsible for the coverage configuration to use, and OAM can set parameters limitation to this. 
An “hybrid solution” is adequate in LTE, where reaction time of OAM system have typically been considered as slow. This is no longer the case in NR, where OAM response has been reduced from minutes to seconds (or lower) and where there is a real possibility for the OAM to be involved in short loop processes.
Therefore, we prefer option (2) “decentralized solution”, leaving to SA5 option (1). Below we will further discuss additional XnAP aspects related to SSB beams and measurements to support CCO issue detection in [1].


2.2. CCO use case – cell edge capacity
At RAN3#113-e, it has been agreed that:
So far, the identified CCO use cases include the cell edge capacity, coverage, FFS on other use cases.
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. 
In the example below, we show a CCO issue related to cell edge capacity solved by means of SSB beam adjustment.
A large number of UEs are present at cell edge, between cell 1, SSB beam 0, and cell 2, SSB 2. This causes high interference to other UEs and consumes 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 the problem and confirms the change to gNB2. The gNB2 can in turn decide to adjust the coverage of its cells/beams (in the example, cell2, SSB beam 2). Further considerations on XnAP impact are discussed in [1].
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Considering the provided example, an SSB based coverage tuning can be a viable solution to solve a CCO cell edge capacity issue, and it can address the capacity problem described in TR 37.816, clause 5.1.1. 
Observation 1: A cell/SSB beam based coverage tuning is a viable solution to solve a CCO cell edge 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: Add an indication of SSB beams affected by a CCO issue from gNB-CU to gNB-DU over F1AP.




2.3. CCO Function high level signaling 
A high level signaling flow of CCO function is shown in the figure below. 
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CCO function detection and resolution
Step 1 (Intra-gNB CCO Issue detection). A CCO issue is detected in NG-RAN node 1 
1a. the gNB-CU indicates to the gNB-DU the presence of a CCO issue and the affected cells and beams; 
1b. the gNB-DU acknowledges the issue.
Step 2 (Intra-gNB CCO Issue resolution). The CCO issue is resolved in NG-RAN node 1
2a. the gNB-DU informs the gNB-CU of the selected coverage configuration;
2b. the gNB-CU acknowledges the new configuration.
Step 3 (Inter-gNB CCO request) NG-RAN 1 informs NG-RAN node 2 of the new adopted configuration 
Step 4 (CCO resolution at NG-RAN node 2) The NG-RAN node 2 takes matching CCO actions.
Step 5 (Inter-gNB CCO response) NG-RAN node 2 informs NG-RAN node 1 of the adopted configuration.


A sample TP for TS 38.300 according to the proposals is provided Appendix A.
A sample TP for TS 38.401 according to the proposals is provided Appendix B.
A sample TP mirroring the proposals for F1AP is in [1].
Conclusions
[bookmark: _Hlk58306597][bookmark: _Hlk61364291]In this paper the below observations and proposals have been made.
Observation 1: A cell/SSB beam based coverage tuning is a viable solution to solve a CCO cell edge capacity issue. 
Conclusion 1: A CCO solution is based on (but not limited to) the gNB-CU signalling to the gNB-DU at least the type of issue (e.g., coverage, cell edge capacity) and the cells affected by such CCO issue. The gNB-DU makes the final decision on which coverage configuration to use.
Proposal 1: Add an indication of SSB beams affected by a CCO issue from gNB-CU to gNB-DU over F1AP.
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Appendix A - Sample TP for 38.300 for CCO
[bookmark: _Hlk61522352]/////////////////////////////////////// Change Start ///////////////////////////////////////////////
15.5.X	Support for CCO
15.5.X.1	General
The objective of a Capacity and Coverage Optimization (CCO) function in NR is to address:
· Coverage issues
· Cell edge capacity issues
An NR CCO function consists at least of:
· CCO issue detection;
· CCO issue resolution.
A CCO issue can be solved by means of:
· Cell coverage modification;
· SSB coverage modification.
15.5.X.2	Solution description
NG RAN Nodes perform the following steps:
· The NG-RAN node 1 detects a CCO issue and resolves it via a coverage modification, in the best way its implementation allows; 
· The NG-RAN node 1 informs NG-RAN node 2 of CCO actions taken to solve the CCO issues.
· The NG-RAN node 2 can take actions to match the CCO actions of the NG-RAN node 1.
A CCO function can use the following inputs for CCO issue detection:
· 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;
· Interference measurements;
· Cell load for source and target cells.


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

Appendix B - Sample TP for 38.401 for CCO

/////////////////////////////////////// Change Start ///////////////////////////////////////////////
7.x CCO Function
[bookmark: _Hlk85213624]The objective of a Capacity and Coverage Optimization (CCO) function in NR is to address:
· Coverage issues
· Cell edge capacity issues
An NR CCO function consists at least of:
· CCO issue detection;
· CCO issue resolution.
A CCO issue can be solved by means of:
· Cell coverage modification;
· SSB coverage modification.

7.X.1 	CCO function in split architecture
For an NG-RAN node in split architecture:
· The gNB-CU of NG-RAN node 1 detects a CCO issue and it informs the gNB-DU of NG-RAN node 1 of the CCO issue and affected cells and/or beams 
· The gNB-DU of NG-RAN node 1 resolves a CCO issue via a coverage modification, in the best way its implementation allows;
· The gNB-DU of NG-RAN node 1 informs the gNB-CU of NG-RAN node 1 of the new configuration status;
· The NG-RAN node 1 informs NG-RAN node 2 of CCO actions taken to solve the CCO issues.
· The NG-RAN node 2 can take actions to match the CCO actions of the NG-RAN node 1.


7.X.3	CCO Function signaling flow A high level signaling for CCO function is shown in Figure 7.X.3-1 below. 
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Figure 7.X.1-1: CCO function detection and resolution
Step 1 (Intra-gNB CCO Issue detection). A CCO issue is detected in NG-RAN node 1 
1a. the gNB-CU indicates to the gNB-DU the presence of a CCO issue and the affected cells and beams; 
1b. the gNB-DU acknowledges the issue.
Step 2 (Intra-gNB CCO Issue resolution). The CCO issue is resolved in NG-RAN node 1
2a. the gNB-DU informs the gNB-CU of the selected coverage configuration;
2b. the gNB-CU acknowledges the new configuration.
Step 3 (Inter-gNB CCO request) NG-RAN 1 informs NG-RAN node 2 of the new adopted configuration 
Step 4 (CCO resolution at NG-RAN node 2) The NG-RAN node 2 takes matching CCO actions.
Step 5 (Inter-gNB CCO response) NG-RAN node 2 informs NG-RAN node 1 of the adopted configuration.

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