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1. Introduction 
This paper discusses the motivation for introducing the Coverage and Capacity Optimization (CCO) function and proposes the necessary signalling changes in network interfaces for introducing this feature as part of Rel-17 SON/MDT WI [1].
2. Discussion
According to [2], the goals of Coverage and Capacity Optimization (CCO) include the following goals to address the two use cases shown in Figure 1:

· Provide the required capacity in the targeted coverage areas

· Minimize the interference and maintain an acceptable quality of service in an autonomous way

· Identify whether there is genuine capacity/coverage issue due to bad network planning or if it is misconfiguration of network parameters (handled by other functions such as MRO or MLB)
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Figure 1: Use cases for CCO function

[2] also discusses that there are possible 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. 

In this paper, we are going to look at the short-term cell coverage switching solution for achieving dynamic cell coverage. The dynamic cell coverage configuration change function can be supported 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 (similar to LTE’s CCO function).
Each NG-RAN node may be configured with alternative coverage configurations and an NG-RAN node may autonomously select and switch between these configurations, e.g. using the Active Antenna Systems functions.
Proposal #1: Take LTE’s CCO function as baseline for NR’s CCO function with an index-based solution for switching among coverage pre-configurations.
With a beam-based air interface for NR, it is also important to be able to achieve dynamic coverage switching at a beam level as well rather than only at a cell level. This can be achieved by also exchanging the beam IDs whose coverage is to be modified and a corresponding index for beam coverage pre-configuration.
Proposal #2: Support dynamic beam coverage switching among pre-configurations in addition to dynamic cell coverage switching
An NG-RAN node may notify its neighbour NG-RAN node about this coverage reconfiguration using the NG-RAN NODE CONFIGURATION UPDATE message with the list of cells and beams with modified coverage included. The list contains the NR CGI of each modified cell, SSB ID of each modified beam and its coverage state indicator.

Proposal #3: Introduce a “Coverage Modification List” IE in NG-RAN NODE CONFIGURATION UPDATE message on XnAP containing the NR CGI of each modified cell, SSB ID of each modified beam and its coverage state indicator for supporting the dynamic coverage function on XnAP.
With the disaggregated NG-RAN architecture supported in 5GS, it is also important for gNB-CU to notify the gNB-DU about the dynamic cell/beam coverage change of its serving NG-RAN and the neighbouring NG-RAN nodes. We therefore propose to introduce a “Coverage Modification List” IE in GNB-DU CONFIGURATION UPDATE message (similar to the proposed signaling over XnAP in Proposal 3).
Proposal #4: Introduce a “Coverage Modification List” IE in GNB-DU CONFIGURATION UPDATE message on F1AP containing the NR CGI of each modified cell, SSB ID of each modified beam and its coverage state indicator for supporting the dynamic coverage function on F1AP.
3. Conclusion

Proposal #1: Take LTE’s CCO function as baseline for NR’s CCO function with an index-based solution for switching among coverage pre-configurations.

Proposal #2: Support dynamic beam coverage switching among pre-configurations in addition to dynamic cell coverage switching
Proposal #3: Introduce a “Coverage Modification List” IE in NG-RAN NODE CONFIGURATION UPDATE message on XnAP containing the NR CGI of each modified cell, SSB ID of each modified beam and its coverage state indicator for supporting the dynamic coverage function on XnAP.
Proposal #4: Introduce a “Coverage Modification List” IE in GNB-DU CONFIGURATION UPDATE message on F1AP containing the NR CGI of each modified cell, SSB ID of each modified beam and its coverage state indicator for supporting the dynamic coverage function on F1AP.
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5. Sample TP to XnAP (TS 38.423)
9.1.3.4
NG-RAN NODE CONFIGURATION UPDATE

This message is sent by a NG-RAN node to a neighbouring NG-RAN node to transfer updated information for an Xn-C interface instance.

Direction: NG-RAN node1 ( NG-RAN node2.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.2.3.1
	
	YES
	reject

	TAI Support List
	O
	
	9.2.3.20
	List of supported TAs and associated characteristics.
	GLOBAL
	reject

	CHOICE Initiating NodeType
	M
	
	
	
	YES
	ignore

	>gNB
	
	
	
	
	
	

	>>Served Cells To Update NR
	O
	
	9.2.2.15
	
	YES
	ignore

	>>Cell Assistance Information NR
	O
	
	9.2.2.17
	
	YES
	ignore

	>>Cell Assistance Information E-UTRA
	O
	
	9.2.2.43
	
	YES
	ignore

	>ng-eNB
	
	
	
	
	
	

	>>Served Cells to Update E-UTRA
	O
	
	9.2.2.16
	
	YES
	ignore

	>>Cell Assistance Information NR
	O
	
	9.2.2.17
	
	YES
	ignore

	>>Cell Assistance Information E-UTRA
	O
	
	9.2.2.43
	
	YES
	ignore

	Coverage Modification List
	
	0 .. <maxnoofCellsinNG-RAN node>
	
	List of cells with modified coverage
	
	

	>NG-RAN CGI
	M
	
	NG-RAN Cell Identity

9.2.2.9
	NG-RAN Cell Global Identifier of the cell to be modified
	
	

	>SSB List
	
	0..1
	
	
	
	

	  >> SSB Item
	
	0..<maxnoofSSBAreas>
	
	
	
	

	>>> SSB-Index
	O
	
	INTEGER (0..63)
	SSB ID of the beam to be modified
	
	

	>Cell Coverage State
	M
	
	INTEGER (0..15, …)
	Value '0' indicates that the cell is inactive. Other values Indicates that the cell is active and also indicates the coverage configuration of the concerned cell
	
	

	>Beam Coverage State
	O
	
	INTEGER (0..63, …)
	Value '0' indicates that the beam is inactive. Other values Indicates that the beam is active and also indicates the coverage configuration of the concerned beam
	
	

	>Cell Deployment Status Indicator
	O
	
	ENUMERATED(pre-change-notification, ...)
	Indicates the Cell Coverage State is planned to be used at the next reconfiguration
	
	

	>Cell Replacing Info
	C-ifCellDeploymentStatusIndicatorPresent
	
	
	
	
	

	>>Replacing Cells
	
	0 .. <maxnoofCellsinNG-RAN node>
	
	
	
	

	>>>NG-RAN CGI
	
	
	NG-RAN Cell Identity

9.2.2.9
	NG-RAN Cell Global Identifier of a cell that may replace all or part of the coverage of the cell to be modified
	
	

	TNLA To Add List 
	
	0..1
	
	
	YES
	ignore

	>TNLA To Add Item
	
	1..<maxnoofTNLAssociations>
	
	
	–
	

	>>TNLA Transport Layer Information
	M
	
	CP Transport Layer Information

9.2.3.31
	CP Transport Layer Information of NG-RAN node1
	–
	

	>> TNL Association Usage
	M
	
	9.2.3.84
	
	–
	

	TNLA To Update List 
	
	0..1
	
	
	YES
	ignore

	>TNLA To Update Item
	
	1..<maxnoofTNLAssociations>
	
	
	–
	

	>>TNLA Transport Layer Information
	M
	
	CP Transport Layer Information

9.2.3.31
	CP Transport Layer Information of NG-RAN node1
	–
	

	>> TNL Association Usage
	O
	
	9.2.3.84
	
	–
	

	TNLA To Remove List 
	
	0..1
	
	
	YES
	ignore

	>TNLA To Remove Item
	
	1..<maxnoofTNLAssociations>
	
	
	–
	

	>>TNLA Transport Layer Information
	M
	
	CP Transport Layer Information

9.2.3.31
	CP Transport Layer Information of NG-RAN node1
	–
	

	Global NG-RAN Node ID
	O
	
	9.2.2.3
	
	YES
	reject

	AMF Region Information To Add
	O
	
	AMF Region Information 9.2.3.83
	List of all added AMF Regions to which the NG-RAN node belongs.
	YES
	reject

	AMF Region Information To Delete
	O
	
	AMF Region Information 9.2.3.83
	List of all deleted AMF Regions to which the NG-RAN node belongs.
	YES
	reject

	Interface Instance Indication
	O
	
	9.2.2.39
	
	YES
	reject

	TNL Configuration Info
	O
	
	9.2.3.96
	
	YES
	ignore


	Range bound
	Explanation

	maxnoofTNLAssociations
	Maximum numbers of TNL Associations between the NG RAN nodes. Value is 32.
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