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1	Introduction
[bookmark: _Hlk85056314]At RAN3#114-e, the following has been captured:
A RAN node receiving an indication of a CCO configuration change from a connected RAN node, may be free to take matching CCO actions based on some assistance provided by the OAM, if any. The RAN node signals the result of such actions to its connected RAN nodes. OAM assistance may consist of configuration parameters limitations. It is FFS whether the OAM provides alternative/suitable coverage configurations to the RAN.
WA: gNB-CU does not provide CCO coverage modification suggestions to the gNB-DU. Such agreement may be revisited when a decision on alternative/suitable coverage configurations from OAM is taken.
The optional presence of an SSB Beam Coverage State per SSB beam, as part of the information signalled by a gNB-DU/RAN node to notify of a change of CCO coverage state.
Capacity issue reporting from gNB-DU to gNB-CU is not needed. Resolving capacity issues at the gNB-DU can be done either locally, by means of implementation, or via existing standardized mechanisms (e.g. Load Reporting)
One of the open issues is:
This IE structure (for assistance information signalled by the gNB-CU) is FFS, e.g. to signal a list of [issue, impacted cells].
This paper discusses the above aspects of NR CCO solution.

2	Discussion
2.1. Signaling impact for CCO issue detection
It has been agreed in previous RAN3 meetings that gNB-CU-CP can support gNB-DU in detecting a CCO issue and impacted cells. And the actual structure of the assistance information is FFS.
A gNB-CU-CP, e.g. using own load measurements (per cell or per SSB area) and UE measurements/reports (per cell or per SSB area) can detect whether a coverage issue or a cell edge capacity issue is present for one or more of its cells. The gNB-CU-CP can also use information from neighboring nodes (per cell or SSB area) and additional measurements (as discussed in R3-xxxxxx), to know which cells and SSB areas of the neighbor RAN nodes are involved in the CCO issue.
Using per-SSB measurements, CCO issue detection at SSB area level is also possible. 
In principle, the same CCO issue can be detected for different cells/SSB areas, or different cells/SSB areas may be affected by different CCO issues. 
Therefore, we propose that gNB-CU sends to gNB-DU a CCO Assistance Information IE as a list, where each item of the list includes a detected CCO issue (e.g. coverage, edge capacity), and the corresponding affected cells and SSB Areas. Details of the F1AP signaling are found in R3-xxxxxx.
Proposal 1: gNB-CU can send over F1AP a CCO Assistance Information IE which includes:
- a list of CCO issues
- for each CCO issue a list of affected Cells and/or SSB areas

2.2. Signaling impact for CCO issue resolution
The signaling impact for CCO issue resolution includes two aspects:
· Intra-node signaling
· Inter-node signaling
Intra-node signaling
Once a gNB-DU has adopted a new Coverage configuration to solve a CCO issue, it indicates to the gNB-CU-CP the resulting cells and SSB beams coverage states. With this step, the gNB-CU-CP becomes aware of which cells and SSB Areas have been modified and their new coverage configuration. A cell coverage configuration is signaled as a Cell Coverage State (reusing the same approach as in LTE solution). An SSB Area coverage configuration is signaled as an SSB Coverage State (again reusing the same approach as in LTE).
Our proposal is then that gNB-DU sends to gNB-CU-CP a Coverage Modification Notification IE including a list of Cells and/or SSB Areas with the corresponding coverage states selected by the gNB-DU. 
Proposal 2: gNB-DU can send to gNB-CU-CP over F1AP a Coverage Modification Notification IE including:
- a list of Cell Coverage Modifications including the Cell identity and the Cell coverage state
- for each Cell, an optional list of SSB Coverage Modification including SSB Index and the SSB Coverage state

Inter-node signaling
The gNB-CU-CP can inform a neighboring node that a change in configuration has occurred due to CCO, and the receiving node is free to take matching actions. 
In principle, a neighboring node can take more accurate matching actions the more accurate information is provided. 
To justify our proposal related to inter-node signaling for CCO, there are some considerations to make:
1) Let´s assume an NG-RAN Node 2, neighboring an NG-RAN Node 1. To enable NG-RAN node 2 to match actions undertaken at NG-RAN Node 1, NG-RAN Node 2 would probably need to modify the shape of its cells or SSB Areas in a way that is complementary to the actions taken at NG-RAN Node 1. 
As shown in the figure below, if the coverage shape of Cell 1 (or SSB-1) in Node 1 is a bit stretched to solve a cell edge capacity issue, the corresponding coverage shape of Cell 2 (or SSB-3) in Node 2 should slightly shrink. The neighboring Node 2 can learn that a certain coverage states of cells (or SSBs) in Node 1 can be matched by corresponding coverage states of cells (or SSBs) in Node2.

2) an appropriate solution should maintain the split of responsibilities between the different network entities. In this respect, details concerning Cells/SSB configurations are responsibility of gNB-DU, and to solve a CCO issue, it is enough that gNB-DU sends to its connected gNB-CU the CGIs/SSB Indexes of the affected cells/SSB Areas and their coverage states. 
the gNB-CU can in turn signal this information to other NG-RAN nodes.
3) more focussed information can provide a gain compared to coarser information (e.g. indicating a per-SSB granularity instead of a per-cell granularity). On the other hand, we think that a sort of “saturation” effect exists. 
In the example shown in the figure below, Node 1 informs the neighboring Node 2 that, due to a CCO issue, only the coverage state of one SSB (SSB-1) of Cell 1 in Node 1 has changed. The Node 2 has the possibility to focus its matching actions towards the new coverage state of SSB-1. The Node 2, instead of considering all UE measurements reporting Cell 1 coverage, can focus only on UE measurements reporting SSB-1 coverage. The Node 2 can match the change in SSB-1 with a change in SSB-3. The matching process can be fast and effective.
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If, instead, Node 1 informs the neighboring Node 2, that, due to a CCO issue, the coverage states of many SSBs (and respective Cells) have been changed, the effort spent by Node 2 to find a matching action can largely increase. It may be so that indicating a coarser granularity only at cell level, will reduce the effort needed by Node 2 and results will be similar. 
Therefore, we propose that a Node 1 can signal to a neighbor Node 2:
- a mandatory list of cells of Node 1 and their corresponding coverage state after CCO resolution at Node 1
- an optional list of SSB Index and corresponding SSB coverage state after CCO resolution at Node 1

Proposal 3: A RAN node can send to a neighbor RAN node over XnAP a Coverage Modification List IE which includes:
- a list of cells and their corresponding coverage state
- for each Cell, an optional list of SSB Beam Index and corresponding SSB Coverage state
Referring to the current endorsed BL CR for XnAP, the presence of the Coverage Modification List IE can be used as an implicit indication that a CCO issue has occurred at the sending Node 1. The gNB-CU-CP at the receiving Node 2, can map the information received in the Coverage Modification List IE into the affected cells and SSBs of Node 2 and send this information to the gNB-DU.
To find a matching action at Node 2 (specifically by the gNB-DU of Node 2), we propose to reuse the same signaling design principle for F1AP as proposed for the detection of CCO issue at Node 1. The gNB-CU-CP of Node 2 can indicate to the gNB-DU of Node 2, which CCO issues have been detected at neighboring Node 1 and the affected cells of Node 1 (optionally SSB Beams). The gNB-DU at Node 2 receiving this information can use it to find the matching action. 
· the gNB-CU-CP of Node 2 informs the gNB-DU controlling cells of Node 2 that neighbouring cells of Node 1 have adopted new coverage states. 
· the gNB-CU-CP also communicates to the gNB-DU the CCO issue detected by Node 1 and which cells of Node 2 are affected by CCO configurations at Node 1.

Proposal 4: A gNB-CU can send to gNB-DU over F1AP CCO Assistance information for:
- cells of a neighbor node and their corresponding coverage state
- for each cell, an optional list of SSB Beam Index and corresponding SSB Coverage state
The proposed additions are captured in the tabular below.

[bookmark: _Toc20955862][bookmark: _Toc29892974][bookmark: _Toc36556911][bookmark: _Toc45832338][bookmark: _Toc81383273]9.2.1.10	GNB-CU CONFIGURATION UPDATE
This message is sent by the gNB-CU to transfer updated information associated to an F1-C interface instance.
NOTE:	If F1-C signalling transport is shared among several F1-C interface instances, this message may transfer updated information associated to several F1-C interface instances.
Direction: gNB-CU  gNB-DU
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.3.1.1
	
	YES
	reject

	Transaction ID
	M
	
	9.3.1.23
	
	YES
	reject

	
(unchanged)


	CCO Assistance Information List
	
	0 .. <maxCellingNBDU>
	
	Indicates CCO Assistance Information for cells or beams of the same NG-RAN node.

	
	

	> CCO Assistance Information Item
	M
	
	9.3.1.x1
	
	YES
	Ignore

	Neighbor node CCO Assistance Information List
	
	0 .. <maxCellingNBDU>
	
	Indicates CCO Assistance Information for cells or beams of another NG-RAN node.

	
	

	> CCO Assistance Information Item
	M
	
	9.3.1.x1
	
	YES
	Ignore



[bookmark: _Toc20955183][bookmark: _Toc29991378][bookmark: _Toc36555778][bookmark: _Toc44497485][bookmark: _Toc45107873][bookmark: _Toc45901493]9.3.1.x1	CCO Assistance Information Item
This IE indicates the Capacity and Coverage (CCO) actions for specific CCO issues detected.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	CCO issue detection
	M
	
	ENUMERATED (coverage, cell edge capacity ...)
	Indicates the type of CCO issue detected
	
	

	Affected Cells and Beams
	O
	
	9.3.1.x2
	
	
	




9.3.1.x2	Affected Cells and Beams
This IE includes a list of cells and/or SS/PBCH block indexes affected by the detected CCO issue.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Affected Cell List
	
	1 .. < maxnoofCellsinNG-RANnode >
	
	
	
	

	> NG-RAN CGI
	M
	
	9.2.3.25
	
	
	

	>Affected SSB List
	
	0..<maxnoofSSBAreas>
	
	
	
	

	>> SSB Index
	M
	
	INTEGER (0..63)
	
	
	




The proposed solution is a “decentralized solution”. If we consider that it has been agreed that OAM may provide assistance information (OAM assistance may consist of configuration parameters limitations), the overall solution contains the following elements:
- 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
- Neighbor RAN nodes are free to take matching CCO actions and signal the result of such actions to its neighbor/connected RAN node.
The proposed approach provides the advantage of a more granular and dynamic solution for NR as compared to LTE, and it is prepared for AI/ML enabled RAN intelligence. 
A complementary “centralized solution” has been agreed in SA5 (see TS28.313). Such solution is totally contained in OAM, and OAM configures coverage options for a RAN node and its neighbor/connected RAN nodes in a centralized coordinated way.
We note that the proposed “decentralized solution” and the “centralized solution” complement each other very well. For example, to cover possible cases where AI/ML and RAN self optimization is not yet supported nor achievable, a centralised OAM based solution is a valid alternative.
Let’s consider now one of the open points from last RAN3 meeting: it is FFS whether the OAM provides alternative/suitable coverage configurations to the RAN.
In a centralized approach OAM is in full control of RAN coverage configuration, and no impact in RAN3 is needed to support that. On the other hand, as aready agreed, if OAM provides assistance information in the form of limiting configuration parameters, a gNB-DU will have to respect these limits when selecting a suitable coverage configuration that can solve the CCO issue. For a solution that is decentralized, we don’t see the need for additional control from OAM to ensure that actions at one node can be matched at a neighboring node in a way that satisfies operators’ needs.
Along the same line of thinking, we do not see the need for additional information (e.g. CCO coverage modification suggestions) to be signalled from gNB-CU-CP to gNB-DU, as it seems to be redundant compared to information that may be sent from OAM to gNB-DU on limiting configuration parameters.
Proposal 5: gNB-CU does not provide CCO coverage modification suggestions to the gNB-DU.



2.3. High level signaling for decentralized CCO solution
A high level signaling flow of CCO solution 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 proposals have been made.
Proposal 1: gNB-CU can send over F1AP a CCO Assistance Information IE which includes:
- a list of CCO issues
- for one CCO issue a list of affected Cells and/or SSB areas
Proposal 2: gNB-DU can send to gNB-CU-CP over F1AP a Coverage Modification Notification IE including:
- a list of Cell Coverage Modification including the Cell identity and the Cell coverage state
- for each Cell, an optional list of SSB Coverage Modification including SSB Index and the SSB Coverage state
Proposal 3: A RAN node can send to a neighbor RAN node over XnAP a Coverage Modification List IE which includes:
- a list of cells and their corresponding coverage state
- for each Cell, an optional list of SSB Beam Index and corresponding SSB Coverage state
Proposal 4: A gNB-CU can send to gNB-DU over F1AP CCO Assistance information for:
- cells of a neighbor node and their corresponding coverage state
- for each cell, an optional list of SSB Beam Index and corresponding SSB Coverage state
Proposal 5: gNB-CU does not provide CCO coverage modification suggestions to the gNB-DU.
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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.


[bookmark: _Hlk85213460]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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