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1	Introduction
This paper discusses the following aspects of NR CCO:
- NR CCO use cases
- Detection of CCO issues 
- Tools for CCO issue resolution


2	Discussion
2.1. NR CCO use cases
The agreed use cases for NR CCO are listed below (see [1], 5.1.1):
· Use case 1: Coverage problems
This use case focuses on scenarios where the coverage of reference signals is sub-optimal, leaving the UE exposed to failures or degraded performance, e.g. when a coverage hole is found or where UL/DL disparity is encountered. It is worth noticing that mobility robustness optimization (MRO) will take care of all types of failures due to wrong mobility settings within a network with good cell planning. That implies that CCO should address cases where the root cause of the problem is due to a bad coverage planning.
· Use Case 2: Capacity problems
Within this class some cases were found where capacity within a cell or beam is saturated, resulting in one or more UEs being subject to failures or suboptimal performance. There are a number of reasons for such event, such as high demand of services which exceeds resources available in the cell/beam or poor radio conditions affecting a large share of served UEs (for example where 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) will take care of load distribution via mobility and that such mobility load balancing is done mainly in inter-frequency scenarios, i.e. where cross cell interference is not an issue. That implies that CCO should address cases where the root cause of the problem is due to serving UEs at cell/beam edge, where the "edge" is between cells/beams utilizing the same resources.

2.2. Detection of CCO issues
RAN3 has agreed that NR CCO requires the following information (see [1], clause 5.1.2.1):
1) Per source cell/beam RS measurements from UEs
2) Per target(s) beam/cell RS measurement from UEs
3) [bookmark: _Hlk44676935]Information on failure events associated to source and target cells
4) Information about RACH access
5) Interference measurements on a per UE basis (RSRQ)
6) Cell load and other performance information from the target cell and the neighbor cells


2.2.1. [bookmark: _Ref44864426]Information for NR CCO
Many relevant information for NR CCO has been agreed during previous normative work, and others may be added, as detailed below:
· Source and target cell/beam RS measurements from UE
· (RAN2) RRC: source and target measurements (e.g. RSRP and RSRQ) are available at a gNB, e.g. in the UEInformationResponse message containing (TS 38.331 vg00):
UEInformationResponse-r16-IEs ::=    SEQUENCE {
    measResultIdleEUTRA-r16           	MeasResultIdleEUTRA-r16          	OPTIONAL,
    measResultIdleNR-r16               	MeasResultIdleNR-r16             	OPTIONAL,
[bookmark: _Hlk46393317]    logMeasReport-r16                 	LogMeasReport-r16                 	OPTIONAL,
    connEstFailReport-r16             	ConnEstFailReport-r16            	OPTIONAL,
    ra-ReportList-r16                  	RA-ReportList-r16                 	OPTIONAL,
    rlf-Report-r16                      	RLF-Report-r16                     	OPTIONAL,
    mobilityHistoryReport-r16         	MobilityHistoryReport-r16        	OPTIONAL,
    lateNonCriticalExtension          	OCTET STRING                        	OPTIONAL,
    nonCriticalExtension               	SEQUENCE {}                         	OPTIONAL
}

Note that an RLF-Report-r16 contains either an “nr-RLF-Report” or an “eutra-RLF-Report”.
· XnAP: in 38.423 v16.2.0 the “UE RLF Report Container” IE is supported. The “UE RLF Report Container” IE is as an OCTET STRING carrying an “nr-RLF-Report-r16” and is optionally present in “FAILURE INDICATION” and “HANDOVER REPORT” messages
· in the “FAILURE INDICATION” message the NG-RAN node2 may indicate to the NG-RAN node1 the reception of RLF report when the NG-RAN node2 considers that the UE may have previously suffered a connection failure at a cell controlled by the NG-RAN node1. 
· In the “HANDOVER REPORT” message the NG-RAN node1 may indicate to the NG-RAN node2 that a mobility-related problem was detected.
MDT measurements, such as the ones included in logMeasReport-r16, contain information that can be useful for a CCO function located in a neighbor gNB. For instance, the NR serving cell measurements on RSRQ and the NR neighbor cell radio measurements on RSRQ can be used by the CCO function in the receiving gNB for interference assessment. 
Compared to other information already transferred over Xn, such as RLF-Report, MDT measurements can provide information not necessarily related to failures. 

Observation 1: An NR CCO function in a gNB can use UE measurements on cell/beam RS of neighbor gNBs in case of RLF, collected via Xn.
Proposal 1: An NR CCO function in a gNB may use additional MDT measurements collected at neighbor gNBs and transferred via Xn.


· Information on failure events associated to source and target cells
· F1AP: in 38.473 v16.2.0 the “RLF Report Information List” IE is supported. The IE is optionally present in the “ACCESS AND MOBILITY INDICATION” message. With this IE, the CU-CP may send to the DU a list of up to 64 “NR UE RLF Report Container” (as OCTECT STRING) carrying the “nr-RLF-Report-r16”.
· XnAP: as previously mentioned, in 38.423 v16.2.0 support is available to transfer the “UE RLF Report Container” IE in “FAILURE INDICATION” and “HANDOVER REPORT” messages

Observation 2: An NR CCO function in a gNB can use failure event information, collected in Failure Indication (over Xn and F1) and in Handover Report (over Xn).
· Information about RACH access
· RACH Report
· (RAN2) RRC: in the UEInformationResponse message, the gNB-CU can receive the RA-ReportList-r16, which includes information for a maximum of 8 RA procedures attempted towards a certain cell, with the indication of the number of RA attempted with an RSRP level above a certain threshold
· F1AP: in 38.473 v16.2.0, the “ACCESS AND MOBILITY INDICATION” message (from CU-CP to DU) can include a list of up to 64 “RACH Reports Container” (as OCTET STRING) carrying RACH-ReportList-r16 IEs as defined in TS 38.331.
· XnAP: in 38.423 v16.2.0, the “ACCESS AND MOBILITY INDICATION” message can include a list of up to 64 “RACH Reports Container” (as OCTET STRING) carrying “RACH-ReportList-r16” IEs as defined in TS 38.331.
· RACH Configuration
· F1AP: in 38.473 v16.2.0, the DU can indicate to CU-CP the PRACH resources of served cell in “F1 Setup” and “gNB-DU Configuration Update” procedures. The “NR PRACH Configuration” IE is optionally present in the “Served Cell Information” IE.
· XnAP: in 38.423 v16.2.0, the “NG-RAN node Configuration Update” procedure can include a “NR Cell PRACH Configuration” IE (OCTET STRING) as part of “Served Cell Information NR”. The “NR Cell PRACH Configuration” IE contains the “NR Cell PRACH Configuration” as defined in F1AP.
The RACH Report exchanged over Xn contains UE measurements for downlink RSRP and information on RACH attempts for the RACH resources. The gNB can deduce the UL power used by the UE to reach the cell, i.e. how far the UE is from the gNB (pathloss) and the expected received RSRP at the UE. With this information, a CCO function can deduce a situation of imbalance between uplink and downlink.

Observation 3: An NR CCO function in a gNB is able to use information related to RACH access via RACH Report (sent over Xn and F1).
Observation 4: Information on RACH Configuration for served cells in the same gNB is available in DU and CU-CP. Information on RACH Configuration for served cells in neighbor gNBs is available in CU-CP.

· Interference measurements on a per UE basis
· As described before, source and target RSRQ measurements can be part of UE RLF reports. transferred via XnAP.
Observation 5: An NR CCO function in a gNB is able to use interference (RSRQ) measurements on cell/beam RS as part of UE RLF report over Xn.
· Cell load and other performance information from the target cell and the neighbor cells
· XnAP: in 38.423 v16.2.0 the “RESOURCE STATUS UPDATE” message can be used to report the results of requested measurements. Among others, the following is available:
· usage of radio resources per cell and SSB area (“Radio Resource Status”)
· available resource levels per cell and SSB area (“Composite Available Capacity Group”)
· Number of active UEs
· Overall status of RRC Connections per cell (Number of RRC Connections, Available RRC Connection Capacity Value)

Observation 6: An NR CCO function is able to collect over Xn cell load related information of other cells on per cell and SSB area.


2.3. Tools for CCO
[bookmark: _Hlk44934751]As an introduction to the main tools that can be used in the NR CCO solution, a summary of the LTE CCO solution is briefly described first. 
2.2.2. Tools for LTE CCO
In LTE, CCO can be achieved by coordination of cell coverage between neighbouring nodes. Such coordination mainly involves cell shaping, cell splitting and cell merging. An example of cell shaping is provided in Figure 1.
[image: ]
[bookmark: _Ref44934680]Figure 1 – LTE AAS function enabling cell shaping for CCO. After detecting a coverage hole, a new cell deployment option is configured to resolve the coverage hole.

The LTE CCO solution relies on the following steps: 
· Each eNB is configured with a number of cell deployment options. Each option consists of a set of cells to be active as well as a defined coverage for each cell. Different cell deployment options are adopted to resolve issues of sub-optimal coverage/capacity as in the example shown in Figure 1.
· Each cell deployment option corresponds to an index, so that neighbouring eNBs can exchange such index to deduce which cell deployment the neighbour node has adopted.
· In LTE, a node can indicate a list of cells replacing the coverage of all or part of the coverage of the cell to be modified.
· In LTE a node can learn with time what is the cell deployment associated to a given index at a neighbour node, e.g. by means of UE measurement reports. Alternatively, this information can be configured at the eNB.
· With time, and thanks to the information signalled between nodes, an eNB is able to learn which own cell deployment fits best the cell deployment index signalled by a neighbour, hence achieving coordination of coverage and capacity optimisation across RAN nodes.
Below is a list of parameters extracted from TS36.423 v16.2.0 exchanged between eNBs to achieve CCO via AAS.

	Coverage Modification List
	
	0 .. <maxCellineNB>
	
	List of cells with modified coverage
	GLOBAL
	reject

	>ECGI
	M
	
	ECGI
9.2.14
	E-UTRAN Cell Global Identifier of the cell 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
	-
	

	>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 .. <maxCellineNB>
	
	
	
	

	>>>ECGI
	
	
	ECGI
9.2.14
	[bookmark: _Hlk47531795]E-UTRAN Cell Global Identifier of a cell that may replace all or part of the coverage of the cell to be modified
	
	


Figure 2 – Information exchanged between eNBs to achieve CCO via AAS

[bookmark: _Hlk46410422]Observation 7: In the LTE CCO solution, a coverage modification list at cell level is exchanged over X2.


2.2.3. [bookmark: _Ref46323301]Tools for NR CCO
The NR CCO solution may consider similar tools used in the LTE AAS solution, i.e. shaping, merging and splitting.
Compared to LTE, NR cells may be constituted by several beams, used to deliver control and data channels. The use of such beams leads to a better capability to shape the coverage of a cell and to adapt such coverage to improve capacity.
[bookmark: _Hlk46410480]Observation 8: One main difference, of relevance to CCO, between LTE and NR is the beam-based cell structure in NR. This leads to the possibility of adjusting cell coverage by changing single beams coverage.

At the same time, it is worth noticing that the beam level structure of NR cells allows for a more generalized solution compared to LTE, where it is possible to exploit the available finer granularity. In principle, the same tools (shaping, merging, splitting), can be applied to a “cell” but also to a “beam”.
Observation 9: The NR CCO solution may be obtained as a generalization of the LTE CCO solution that considers the beam level structure of NR cells.

The NR CCO solution can rely on similar steps as described for the LTE CCO: 
· Each gNB is configured with a number of cell and/or beam deployment options. Each option consists of a combination of cells and underlying beams to be active as well as a defined coverage for each cell and beam. Different deployment options are adopted to resolve issues of sub-optimal coverage/capacity.
· Each deployment option corresponds to an index (or more indexes, e.g. one index related to the cell deployment option, another index related to the beam deployment option), so that neighbouring gNBs can exchange such index to deduce which deployment the neighbour node has adopted. In NR a node can learn with time what is the deployment associated to a given index at a neighbour node, e.g. by means of UE measurement reports. Alternatively, this information can be configured at the gNB.
· In may be possible to indicate a list of cells or beams replacing the coverage of all or part of the coverage of the cells and beams to be modified.
· With time, and thanks to the information signalled between nodes, a gNB is able to learn which own deployment fits best the deployment index signalled by a neighbour, hence achieving coordination of coverage and capacity optimisation across RAN nodes.

Proposal 2: The NR CCO solution may be a defined as a generalization of the LTE CCO solution that considers the beam level structure of NR cells. 
Proposal 3: The NR CCO solution can rely on similar steps as the LTE CCO solution, where information is exchanged between gNBs to signal deployment options.

2.3.2.1. Shaping
For NR CCO solution, the option of cell shaping seems of particular interest, given the beam structure characterising NR cells. Moreover, for NR cells whose coverage is realized by means of more SSB beams, further coverage shaping adjustment possibility can be obtained by modifying the coverage of the individual SSB beam. An example of 
In Figure 3, the NR Cell 2 includes 2 SSB beams and the modification of the NR cell shape is obtained via the modification of the shape of at least one SSB beam (in this example, the shape of SSB beam 1). In order to obtain a coordination of coverage between Cell 1 and Cell 2, some indication of which SSB beam has a modified coverage is needed. This is necessary to avoid that also gNB 1 modifies the shape of Cell 1, eventually nulling the effect of gNB 2 CCO actions. 

[image: ]
[bookmark: _Ref44765939]Figure 3 - Example of SSB beam shaping to solve coverage issue via coverage area correction – Multiple SSB beams per cell

It is then proposed to use the LTE solution covering cell shaping as baseline and extend it to the possibility to shape the coverage area provided by SSB beams. In other words, it is proposed that the NR CCO solution considers:
· Cell shaping
· SSB beam shaping
Observation 10: The LTE CCO solution for cell shaping can be used as baseline for NR. 
Proposal 4: The NR CCO solution can consider cell shaping and SSB beam shaping. 

As a further optimization step, CSI-RS beams coverage adjustment is theoretically possible. However, it should be noted that CSI-RS beams are relevant only for a portion of the UE population, i.e. UEs in RRC_CONNECTED state. Hence, it seems reasonable to consider CSI-RS beam shaping as an optimization that might be discussed in future releases. 
Proposal 5: CSI-RS beam shaping can be considered as an optimization of the NR CCO solution and may be discussed in later releases.
2.3.2.2. Merging and splitting
Compared to LTE, solutions such as cell merging and cell splitting seem to be of less importance in NR, for reasons also related to cell beam structures. In fact, in LTE cell splitting is motivated by enabling a higher reuse of resources, and cell merging is motivated by reducing cell border effects. In NR, resource reuse is achieved by utilisation of beams within the same cell, i.e. it is possible to increase the resource reuse without a cell split. Likewise, is it possible to reduce border effect without a cell merge.
Observation 11: The NR CCO solution may consider cell splitting and cell merging at lower priority compared to cell shaping.
At the same time, it seems reasonable to exploit the finer granularity offered by the new beam structure. Let’s consider an example of an NR cell defined by a single SSB beam, where higher reuse of resources is desirable. The following two options may be considered:
· Option a): Split the cell in multiple cells (e.g. two), each cell with one SSB beam
· Option b): Keep the same cell and multiply the number of SSB beams in the cell (e.g. two)
Both options have some merits. 
Option a) may be a straightforward extension of the LTE CCO solution based on cell merging/splitting and easier to implement. In this case, starting from a single NR cell defined by a certain PCI, a second NR cell is created with a different PCI. The two cells will each be characterized by a single SSB beam, each encoding a different PCI value. As such, managing the indexing of the two SSB beams may be less relevant, i.e. the same SSB index could be reused in the two cells. In this case, the LTE signalling baseline solution may be reused.
Option b) exploits the SSB structure defined for an NR cell. In this case, starting from a cell defined by a single SSB beam, two “virtual” cells can be defined by splitting the single SSB beam into two (or more). Each SSB beam would be assigned a unique SSB index but would be associated to the same PCI value, so that the two “virtual” cells would correspond to the coverage area of each individual SSB beam. In this case, a mapping between the SSB index used for the original cell and the two (or more) SSB indexes used after beam splitting may need to be defined.
An example of SSB beam split to cope with saturation of a cell capacity is shown in Figure 4.
[image: ]
[bookmark: _Ref45041865]Figure 4 – SSB beam split to cope with saturation of a cell capacity
In order to obtain a coordination of coverage between Cell 1 and Cell 2, some indication of which SSB beam has a modified coverage is needed.  
In any case, it seems desirable to adopt a NR CCO solution where both options a) and b) are covered (signalling wise) and, more in general, it is preferred to define an NR CCO solution capable to address the cases of NR cells whose coverage is realized with one or multiple SSB beams.

Proposal 6: It is desirable to define an NR CCO solution that can cover the cases of SSB beam split and SSB beam merge to exploit the SSB beam granularity.
Proposal 7: It is desirable to adopt a common solution capable to address the cases of NR cells whose coverage is realized with one or multiple SSB beams.

Following similar considerations as for the beam shaping, the option of CSI-RS beam merge and CSI-RS beam split may be an optimization that can be addressed in later releases.
Proposal 8: CSI-RS beam split and CSI-RS beam merge can be considered as an optimization of the NR CCO solution and may be discussed in later releases.





Proposals
[bookmark: _In-sequence_SDU_delivery]Proposal 1: An NR CCO function in a gNB may use additional MDT measurements collected at neighbor gNBs and transferred via Xn.
Proposal 2: The NR CCO solution may be a defined as a generalization of the LTE CCO solution that considers the beam level structure of NR cells. 
Proposal 3: The NR CCO solution can rely on similar steps as the LTE CCO solution, where information is exchanged between gNBs to signal deployment options.
Proposal 4: The NR CCO solution can consider cell shaping and SSB beam shaping.
Proposal 5: CSI-RS beam shaping can be considered as an optimization of the NR CCO solution and may be discussed in later releases.
Proposal 6: It is desirable to define an NR CCO solution that can cover the cases of SSB beam split and SSB beam merge to exploit the SSB beam granularity.
Proposal 7: It is desirable to adopt a common solution capable to address the cases of NR cells whose coverage is realized with one or multiple SSB beams.
Proposal 8: CSI-RS beam split and CSI-RS beam merge can be considered as an optimization of the NR CCO solution and may be discussed in later releases.





References

[1] [bookmark: _Ref44658923]3GPP TR 37.816 - Study on RAN-centric data collection and utilization for LTE and NR


image1.png
eNB1

Cell1

OAM

MME

l

Cell2

Coverage

hole

() cell Before
[ cell After

i

cell shaping

Cell1

OAM

MME

Cell2
Coverage
hole solved




image2.png
OAM | | AMF OAM || AMF

Coverage

Coverage
hole solved

hole

() cellBefore () sSBBefore
([ cellAfter () SSBAfter




image3.png
SSB beam split

QD]

cel CelZ opadity Celll Capacity
issue issue solved

(7] cellBefore @ SSB Before
() cellAfter [ SSBAfter




