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1. Introduction 
The support for Coverage and Capacity Optimization for NR SON/MDT has been discussed in the past meetings with some agreements and many open issues:
Agreements from last meetings:
· E-UTRAN CCO function should be considered as baseline for NG-RAN CCO solution for dynamic coverage changes with an index-based solution for coverage switching among deployment options
· In NG-RAN scenario, a NG-RAN node may send to a neighbor NG-RAN node a coverage modification list which includes deployment related information concerning the serving cells
· Exchange at least NG-RAN CGI, Cell Coverage State, Cell Deployment Status Indicator, Cell Replacing Info in NG-RAN NODE CONFIGURATION UPDATE message over Xn for coverage modification
· DU signals to CU coverage related configuration information. Whether to include SSB beam information (on top of cell info) is FFS.
· CSI-RS based beam coverage tuning is an optimization and is not covered as part of NR CCO for Rel-17
In this paper, we discuss the open issues and provide proposals for the same.
2. Discussion
2.1 [bookmark: _Hlk78965086]Alternative coverage configurations from OAM
In LTE, OAM defines a set of alternative coverage configurations to be used for cells served by a node. Does this apply also for NR?
From TS 28.541, it can be seen that sector carrier related information (DL/UL ARFCN, BW, maxTxPower, maxTxEIRP), antenna related parameters (coverage shape, digital tilt, digital azimuth) and beam related information (beam ID, beam tilt/azimuth, beam horizontal/vertical width etc.) are defined inside the GNBDUFunction InformationObjectClass (IOC). This can also be seen from the Figures 4.2.1.1-1 and 4.2.1.1-3 below. Table 1 and Table 2 in the Section 5.2 of the Appendix further summarizes the IOC and attributes defined in TS 28.541 that are relevant for CCO. 
This also means that OAM signals sector carrier related information, antenna related parameters and beam related information per gNB-DU.
Observation 1: Sector carrier related information (DL/UL ARFCN, BW, maxTxPower, maxTxEIRP), antenna related parameters (coverage shape, digital tilt, digital azimuth) and beam related information (beam ID, beam tilt/azimuth, beam horizontal/vertical width etc.) are defined inside the GNBDUFunction InformationObjectClass (IOC) in TS 28.541.
Observation 2: OAM can signal sector carrier related information, antenna related parameters and beam related information per gNB-DU.
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Figure 4.2.1.1-3: NRM for <<IOC>>NRSectorCarrier and <<IOC>>BWP for all deployment scenarios
Proposal 1: Similar to E-UTRAN CCO, OAM can define a set of alternative coverage configurations to be used for cells served by a node in NR as well. Send LS to SA5 to confirm.
2.2 Coverage coordination
If one node modifies the coverage of one or more cells, a neighbor node may also adjust the coverage of one or more cells
· Are 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 open issue above)?
In LTE, an eNB may notify its neighbour eNBs about the coverage reconfiguration using the ENB CONFIGURATION UPDATE message with the list of cells with modified coverage included. The list contains the ECGI of each modified cell and its coverage state indicator. From our understanding, there is no limitation on how an eNB can adapt its coverage e.g., an eNB might expand its coverage to address a coverage hole and indicate the coverage change to a neighboring eNB. In response, the neighboring eNB might reduce/adapt its coverage so that there is limited coverage overlap.
Proposal 2: If one node modifies the coverage of one or more cells, a neighbor node may also adjust the coverage of one or more cells autonomously (completely free to adjust) without any additional configuration from OAM. Send LS to SA5 to confirm.
If there is a concern that this might lead to conflicting coverage modifications by different nodes and would lead to slower convergence of CCO SON function, this is quite possible. To address this, SON coordination solutions have been discussed by SA5 and captured in section 4.7.4 of TS 28.628 and a portion shown below:

· As described in TS 28.627 [5], multiple SON functions may have conflicting demands on network resources. This situation is considered as “SON functions in conflict” and requires conflict prevention or resolution. A SON Coordination Function will be responsible for preventing or resolving conflicts.
· Conflict needs to be detected when there is “SON functions in conflict”. Policies can be preset by operator to SON Coordination Function to avoid conflict on certain associated resources (network elements and/or parameters) among SON functions.
· Conflict prevention is to take some advanced methods to prevent the occurrence of conflict. However, no matter what implementation is chosen, it is impossible to guarantee that 100% of conflicts will be prevented, so conflict detection and resolution are needed. Conflict detection should be taken firstly as the pre-condition of conflict resolution.
· The SON Coordination Function is a logical function, which means it can be implemented as a separate function entity or as part of SON function.
· When the SON Coordination Function is implemented as a separate function entity, all the SON functions send the necessary information to the SON Coordination Function, the SON Coordination Function coordinate these SON functions as a centralized control point. This centralized coordination approach fulfills the requirements of SON coordination in a large area scope, for example, the coordination between NM centralized SON functions and distributed SON functions.
· In some other situations, coordination is only needed in a smaller area, for example, the coordination between distributed SON functions inside one domain. Then the SON Coordination Function can be implemented as part of each SON function. The necessary coordination information can be inter-exchanged between each SON functions to achieve coordination as well.
Observation 3: Conflicting coverage modifications by different nodes might lead to slower convergence of CCO SON function and should be avoided 
Observation 4: A new logical function called SON Coordination Function has been discussed by SA5 to resolve SON functions in conflict. This SON Coordination Function can be separate function entity or as part of a SON function
Proposal 3: Prevention of conflicting coverage modifications by CCO SON functions is important for quicker convergence and avoiding performance degradation. RAN3 assumes that this can be achieved either via a central coordination entity (e.g., CU/OAM) or via implementation.
2.3 CCO over F1
WA: DU makes the final decision on which coverage configuration to use (since the DU is the only one who knows the resource situation)
For F1, the CU provides information to the DU and the DU makes the final decision on which coverage configuration to use (since the DU is the only one who knows the resource situation) but is the CU to be involved by e.g., proposing/deciding coverage configurations to the gNB DU? 
	Who decides that a coverage modification is needed: CU or DU?
CU being the more central node (having knowledge of the coverage of neighbouring CUs and associated DUs) should be responsible for detecting CCO issue. Also, the CU has the knowledge of L3 measurements (which DU doesn’t have) in addition to the SON reports (e.g., RACH reports, RLF Reports) which allows CU to be in a better position to spot coverage issues
	Proposal 4: CU decides that a coverage modification is needed


	What does CU indicate to DU upon the detecting the need to do coverage modification?
CU could indicate to DU the type of issue (coverage or capacity) and the cells involved with the issue, so that DU can proceed with coverage modification.
	Proposal 5:  CU could indicate to DU the type of issue (coverage or capacity) and the cells involved with the issue to assist DU for coverage modification


	Who decides how to modify the coverage: CU or DU?
Option 1 (CU): CU provide proposed coverage change(s) to the DU
For Option 1, the question is whether CU knows what coverage corresponds to each coverage state configured at the DU and how CU knows whether the DU can adopt certain states at a given point in time.  In light of observation 4 (i.e., OAM signals cell/beam related information to DU), CU will not have knowledge of the coverage state information
Option 2 (DU): gNB-DU autonomously decides on how to modify coverage
Option 2 is possible as the DU is aware of the alternative coverage states.
	Proposal 6: CU might not have the information of cell/beam coverage state configured by OAM to DU and hence CU should not provide proposed coverage change(s) to the DU for CCO purposes
Proposal 7:  DU autonomously decides on how to modify coverage i.e., autonomously selects an alternative cell or beam coverage state upon CCO issue indication from CU



	Does DU indicate the modified coverage state to the CU?
As DU autonomously picks up a new coverage state upon CCO issue indication from CU, DU should inform CU about the coverage state it picked. CU can indicate CCO issue again if it still sees the CCO issue persisting.

	Proposal 8: DU informs CU with the modified coverage state information it picked in response to CCO issue indication from CU


	Conflict detection and coverage coordination
Conflict detection for CCO if needed can be done by CU. For this, CU should indicate the modified coverage configuration to other DU(s) over F1 interface and to other CU(s) over Xn interface.

	Proposal 9:  CU can indicate the modified coverage configuration to other DU(s) over F1 interface and to other CU(s) over Xn interface.




Here is the summary of the CCO procedure:
· CU decides that a coverage modification is needed
· CU indicate what the problem is and the list of cells undergoing the problem to gNB-DU
· DU autonomously decides on how to modify coverage 
· DU provide the coverage change(s) to the CU
· CU can indicate coverage change(s) to other DUs over F1 and other gNB-CU(s) over Xn

2.4 Beam coverage states
FFS whether CCO over Xn is signaled as separate per cell state information and SSB state information or whether each cell state reflect a specific SSB configuration
As seen in section 2.1, NG-RAN can use beamforming for sub-sector structures and therefore CCO SON function in NG-RAN should be able to configure alternative coverage configurations at a beam or sector level in addition to cell level granularity supported for E-UTRAN CCO. 
Proposal 10: Alternative coverage configurations for NG-RAN CCO should be configurable by OAM at a cell level as well as a beam level. Send LS to SA5 to confirm.
Cell level coverage information is already agreed to be exchanged in previous meetings as captured below:
Exchange at least NG-RAN CGI, Cell Coverage State, Cell Deployment Status Indicator, Cell Replacing Info in NG-RAN NODE CONFIGURATION UPDATE message over Xn for coverage modification
[bookmark: _Hlk71078830]In light of Proposal 10, it is proposed to also exchange a beam coverage state along with the SSB beam ID in NG-RAN NODE CONFIGURATION UPDATE message over Xn for coverage modification
Proposal 11:  In addition to cell coverage state index, optionally exchange a beam coverage state index along with the corresponding SSB beam ID in NG-RAN NODE CONFIGURATION UPDATE message over Xn for beam level coverage modification
The overall NG-RAN NODE CONFIGURATION UPDATE should therefore look like this:
· Cell coverage state information
· NG-RAN CGI
· Cell coverage state index
· horizontalHBW
· verticalHBW
· maximumTransmissionPowerRange
· referenceSignalPowerRange
· configuredMaxTxPower
· configuredMaxTxEIRP
· Beam coverage state information (OPTIONAL)
· SSB ID
· Beam coverage state index
· Antenna parameters for beamforming
· coverageShape
· digitalTilt
· digitalazimuth 
· Beam parameters
· beamIndex
· beamType
· beamAzimuth
· beamTilt
· beamHorizWidth
· beamVertWidth
3. Conclusion
Observation 1: Sector carrier related information (DL/UL ARFCN, BW, maxTxPower, maxTxEIRP), antenna related parameters (coverage shape, digital tilt, digital azimuth) and beam related information (beam ID, beam tilt/azimuth, beam horizontal/vertical width etc.) are defined inside the GNBDUFunction InformationObjectClass (IOC) in TS 28.541.
Observation 2: OAM can signal sector carrier related information, antenna related parameters and beam related information per gNB-DU.
Proposal 1: Similar to E-UTRAN CCO, OAM can define a set of alternative coverage configurations to be used for cells served by a node in NR as well. Send LS to SA5 to confirm.
Proposal 2: If one node modifies the coverage of one or more cells, a neighbor node may also adjust the coverage of one or more cells autonomously (completely free to adjust) without any additional configuration from OAM. Send LS to SA5 to confirm.
Observation 3: Conflicting coverage modifications by different nodes might lead to slower convergence of CCO SON function and should be avoided
Observation 4: A new logical function called SON Coordination Function has been discussed by SA5 to resolve SON functions in conflict. This SON Coordination Function can be separate function entity or as part of a SON function
Proposal 3: Prevention of conflicting coverage modifications by CCO SON functions is important for quicker convergence and avoiding performance degradation. RAN3 assumes that this can be achieved either via a central coordination entity (e.g., CU/OAM) or via implementation.
Proposal 4: CU decides that a coverage modification is needed
Proposal 5:  CU could indicate to DU the type of issue (coverage or capacity) and the cells involved with the issue to assist DU for coverage modification
Proposal 6: CU might not have the information of cell/beam coverage state configured by OAM to DU and hence CU should not provide proposed coverage change(s) to the DU for CCO purposes
Proposal 7:  DU autonomously decides on how to modify coverage i.e., autonomously selects an alternative cell and/or beam coverage state upon CCO issue indication from CU
Proposal 8: DU informs CU with the modified coverage state information it picked in response to CCO issue indication from CU
Proposal 9:  CU can indicate the modified coverage configuration to other DU(s) over F1 interface and to other CU(s) over Xn interface.
Proposal 10: Alternative coverage configurations for NG-RAN CCO should be configurable by OAM at a cell level as well as a beam level. Send LS to SA5 to confirm.
Proposal 11:  In addition to cell coverage state index, optionally exchange a beam coverage state index along with the corresponding SSB beam ID in NG-RAN NODE CONFIGURATION UPDATE message over Xn for beam level coverage modification
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5. Appendix
5.1 E-UTRAN CCO
In E-UTRAN networks, SON for AAS-based deployments uses techniques like cell splitting and cell merging.
TS 36.300 has the following text captured on dynamic coverage configuration changes to support SON for AAS:
22.4.2.6    Dynamic coverage configuration changes
Each eNB may be configured with alternative coverage configurations and an eNB may autonomously select and switch between these configurations, e.g., using the Active Antenna Systems functions.
An eNB may notify its neighbour eNBs about the coverage reconfiguration using the ENB CONFIGURATION UPDATE message with the list of cells with modified coverage included. The list contains the ECGI of each modified cell and its coverage state indicator.…
Alternative cell coverage configurations for AAS function are signaled to eNB via alterCovConfig attribute in EUtranCellSON IOC as defined by TS 28.628. The SON for AAS function selects one coverage configuration when executing Cell Splitting, Cell Merging or Cell Shaping from the alternative coverage configurations assigned to AlterCovConfig attribute.
5.3.4    EUtranCellSON
5.3.4.1    Definition
This IOC represents the parameters for control of SON functions on E-UTRAN cell level. 
5.3.4.2    Attributes
	 Attribute name
	Support Qualifier
	isReadable
	isWritable
	isInvariant
	isNotifyable

	alterCovConfig
	CM
	M
	M
	-
	M

	maximumDeviationHoTrigger
	CM
	M
	M
	-
	M

	minimumTimeBetweenHoTriggerChange
	CM
	M
	M
	-
	M

	replacedCells
	 
	 
	 
	 
	 


5.4.1    Attribute properties
	Attribute Name
	Documentation and Allowed Values
	Properties

	AlterCovConfig
	This holds a list of alternative coverage configurations which are used for AAS function to select and switch between these configurations. Each coverage configuration contains the following entries:
· StateId, which indicates the identifier of the coverage configuration, see 3GPP TS 36.423 [4];
· horizontalHBW, which indicates the horizontal half-power beamwidth (see note), see 3GPP TR 37.842 [10];
· verticalHBW, which indicates the vertical half-power beamwidth (see note), see 3GPP TR 37.842 [10];
· maximumTransmissionPowerRange, which indicates the range of maximumTransmissionPower, see 3GPP TS 28.658 [9];
· referenceSignalPowerRange, which indicates the range of referenceSignalPower, see 3GPP TS 28.658 [9]
	type: Integer
multiplicity: 1..*
isOrdered: N/A
isUnique: N/A
defaultValue: None
isNullable: True



Observation 1: Alternative coverage configurations can be configured at an eNB for the purpose of dynamic coverage changes using AAS on a E-UTRAN cell level.
5.2 GNBDUFunction IOC
	IOC
	Description
	Attributes

	NRSectorCarrier

	This <<IOC>>NRSectorCarrier represents the resources of each transmission point associated to corresponding cell(s). These in general have different physical locations (of the antennae), and possibly different frequencies or bandwidths. The UE is not directly aware of which NRSectorCarrier resources the network uses for its connection.
	· txDirection
· configuredMaxTxPower
· configuredMaxTxEIRP
· arfcnDL
· arfcnUL
· bSChannelBwDL
· bSChannelBwUL
· sectorEquipmentFunctionRef

	CommonBeamformingFunction
	This <<IOC>> CommonBeamformingFunction represents common beamforming functionality (eg: SSB beams) for the NRSectorCarrier.
The CommonBeamformingFunction provides capability to configure the advanced antenna for a sector carrier. The configuration capability is provided by selection of coverageShape, digitalTilt and digitalAzimuth. These attributes represent the wanted coverage area and radiation pattern on a sector carrier related to an antenna transmission point.
	· coverageShape
· digitalTilt
· digitalAzimuth

	Beam











	The <<IOC>> Beam provides information beam direction and beam width for the associated SSB beams as a result of the configuration.
Measurements on common beams may be correlated with associated spatial beam information to assist use cases like troubleshooting performance problems, or SON functions like Coverage & Capacity Optimization.
<<IOC>>Beam can have spatial attributes of horizontal/azimuth (ie: Phi φ-axis) and vertical/tilt (ie: Theta θ-axis) beam pointing direction and beam width attributes. 
	· beamIndex
· beamType
· beamAzimuth
· beamTilt
· beamHorizWidth
· beamVertWidth


	Attribute Name
	Documentation and Allowed Values
	Properties

	beamAzimuth 
	The azimuth of a beam transmission, which means the horizontal beamforming pointing angle (beam peak direction) in the (Phi) φ-axis in 1/10th degree resolution.  See subclauses 3.2 in TS 38.104 [12] and 7.3 in TS 38.901 [53] as well as TS 28.662 [11]. The pointing angle is the direction equal to the geometric centre of the half-power contour of the beam relative to the reference plane. Zero degree implies explicit antenna bearing (boresight). Positive angle implies clockwise from the antenna bearing. 

allowedValues: [-1800 ..1800] 0.1 degree

	type: Integer
multiplicity: 1
isOrdered: N/A
isUnique: N/A
defaultValue: Null
isNullable: True

	beamHorizWidth
	The Horizontal beamWidth of a beam transmission, which means the horizontal beamforming half-power (3dB down) beamwidth in the (Phi) φ-axis in 1/10th degree resolution.  See subclauses 3.2 in TS 38.104 [12] and 7.3 in TS 38.901 [53].  

allowedValues: [0..3599] 0.1 degree

	type: Integer
multiplicity: 1
isOrdered: N/A
isUnique: N/A
defaultValue: Null
isNullable: True

	beamIndex
	Index of the beam.
For example, please see subclause 6.6.2 of TS 38.331 [54] where the ssb-Index in the rsIndexResults element of MeasResultNR is defined.


	type: Integer
multiplicity: 1
isOrdered: N/A
isUnique: N/A
defaultValue: Null
isNullable: True

	beamTilt 
	The tilt of a beam transmission, which means the vertical beamforming pointing angle (beam peak direction) in the (Theta) θ-axis in 1/10th degree resolution.  See subclauses 3.2 in TS 38.104 [12] and 7.3 in TS 38.901 [53] as well as TS 28.662 [11]. The pointing angle is the direction equal to the geometric centre of the half-power contour of the beam relative to the reference plane. Positive value implies downtilt.

allowedValues: [-900..900] 0.1 degree

	type: Integer
multiplicity: 1
isOrdered: N/A
isUnique: N/A
defaultValue: Null
isNullable: True

	beamType
	The type of the beam. 
allowedValues: "SSB-BEAM"

	type: string
multiplicity: 0..1
isOrdered: N/A
isUnique: N/A
defaultValue: Null
isNullable: True


	beamVertWidth
	The Vertical beamWidth of a beam transmission, which means the vertical beamforming half-power (3dB down) beamwidth in the (Theta) θ-axis in 1/10th degree resolution.  See subclauses 3.2 in TS 38.104 [12] and 7.3 in TS 38.901 [53].  

allowedValues: [0...1800] 0.1 degree

	type: Integer
multiplicity: 1
isOrdered: N/A
isUnique: N/A
defaultValue: Null
isNullable: True

	coverageShape
	Identifies the sector carrier coverage shape described by the envelope of the contained SSB beams. The coverage shape is implementation dependent.
allowedValues: 0 : 65535


	type: Integer
multiplicity: 1
isOrdered: N/A
isUnique: N/A
defaultValue: None
isNullable: False


	digitalTilt

	Digitally-controlled tilt through beamforming. It represents the vertical pointing direction of the antenna relative to the antenna bore sight, representing the total non-mechanical vertical tilt of the selected coverageShape. Positive value gives downwards tilt and negative value gives upwards tilt.

allowedValues: [-900..900] 0.1 degree
	type: Integer
multiplicity: 1
isOrdered: N/A
isUnique: N/A
defaultValue: None
isNullable: False



	digitalAzimuth

	Digitally-controlled azimuth through beamforming. It represents the horizontal pointing direction of the antenna relative to the antenna bore sight, representing the total non-mechanical horizontal pan of the selected coverageShape. Positive value gives azimuth to the right and negative value gives an azimuth to the left.

allowedValues: [-1800 ..1800] 0.1 degree

	type: Integer
multiplicity: 1
isOrdered: N/A
isUnique: N/A
defaultValue: None
isNullable: False



	configuredMaxTxPower
	This is the maximum transmission power in milliwatts (mW) at the antenna port for all downlink channels, used simultaneously in a cell, added together.

allowedValues: N/A

	type: Integer
multiplicity: 1
isOrdered: N/A
isUnique: N/A
defaultValue: None
isNullable: False


	configuredMaxTxEIRP
	This is the maximum emitted isotroptic radiated power (EIRP) in dBm for all downlink channels, used simultaneously in a cell, added together [12].
allowedValues: N/A
	type: Integer
multiplicity: 1
isOrdered: N/A
isUnique: N/A
defaultValue: None
isNullable: False
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  Figure 4.2.1.1 - 1: NRM for all deployment scenarios  
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