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1	Introduction
This paper discusses the following aspects of NR CCO:
· Functional responsibilities for CCO in NR
· CCO resolution in NR
· Node coordination for CCO in NR
· MDT data for NR CCO issue detection
A sample TP for TS 38.300 is provided in Appendix A.
2	Discussion
2.1. Functional responsibilities for CCO in NR
If a CCO issue is present in the network, this is reflected in certain distribution of traffic in the cells. 
The gNB-CU-CP is the functional entity of a gNB that receives layer 3 measurements on coverage and capacity, and it is also responsible for traffic control and inter-node communications. 
Among the use cases addressed by CCO solution in NR, TR 38.816 (clause 5.1.1) describes the following:
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). 
An example of CCO issue related to capacity is shown in Figure 2, and it can be detected based on layer 3 measurements and the ongoing traffic in a cell. 
The gNB detecting the CCO issue (source gNB) can decide to update the coverage envelope of one (or more) of its cells (“source cell(s)). The source gNB (via the gNB-CU-CP) can send to an adjacent gNB, controlling one or more cells neighboring the source cell(s), information related to the updated coverage of the source cell(s). Based on that, the adjacent gNB may decide to adapt the coverage envelope of one (or more) of its cell(s) and, in doing so, it coordinates the new coverage envelope of its cell(s) with the updated coverage of the source cell(s). 
Observation 1: CCO scenarios require a coordinated coverage optimization between neighbor nodes. 

A gNB-CU-CP has the following functional responsibilities: 
(A) detect a CCO issue; 
(B) send (receive) the indication that the coverage envelope of a cell controlled by a gNB (a neighbor gNB) has been modified.
Proposal 1: RAN3 to agree that gNB-CU-CP is responsible to detect CCO issues and to send/receive the indication of coverage modification to/from a neighbor gNB. 

As said, a modification of cell coverage envelope can be used to resolve a CCO issue. When the NR cell coverage is realized with multiple SSB beams, the cell coverage envelope can be updated with the modification of the coverage envelope of one or more SSB beams. In NR, the gNB-DU owns the configuration of cell hardware resources that realize a cell. In fact, a gNB-CU-CP is not informed over F1AP about details of beam management, since this is responsibility of the gNB-DU. Instead, a gNB-DU needs to inform gNB-CU-CP that a change in the configuration has been applied (e.g. a cell coverage index or which SSBs are affected) so that this update can be communicated to a neighbour gNB.
A gNB-DU has the following functional responsibilities: 
(C) execute the modification of cell coverage envelope; 
(D) inform gNB-CU-CP that a coverage modification has been applied so that this information can further be propagated to neighbor gNBs over Xn.
Proposal 2: RAN3 to agree that gNB-DU is responsible to execute the modification of cell coverage envelope and to inform gNB-CU-CP that a coverage modification has occurred. 

As a consequence of the functional responsibilities described so far, the gNB-CU-CP needs to inform the gNB-DU that a CCO issue has been detected and a coverage modification is needed. Then it is up to gNB-DU to execute the appropriate modification.
Proposal 3: RAN3 to agree that gNB-CU-CP informs gNB-DU about the detection of a CCO issue. 

2.2. CCO resolution in NR
A high-level signaling flow for CCO issue detection and resolution in NR is shown in the figure below. 
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Figure 1 – CCO Resolution in NR
Steps 1-2 relate to the intra-gNB scenario, steps 3-5 are required for the inter-gNB scenario. For simplicity, the return message of each procedure is not shown.
(1) gNB-CU-CP1 sends to gNB-DU1 a CCO Assistance information (e.g. the type of CCO issue detected and a Coverage Modification Request with the list of affected cells and SSBs). Note that gNB-CU-CP1 only detects the issue and flags to the gNB-DU1 the involved cells and SSBs, leaving to the gNB-DU to decide how to resolve the issue.
(2) gNB-DU1 selects a new configuration based on historical data and collected measurements. gNB-DU1 sends to gNB-CU-CP1 an indication of the applied coverage modification (Coverage Modification Response)
(3) gNB-CU-CP1 sends to the gNB-CU-CP2 a CCO Assistance information (e.g. a Coverage Modification List) along with a list of affected cells and SSB and the new configuration being selected
(4) gNB-CU-CP2 sends to gNB-DU2 a CCO Assistance information (e.g. the type of CCO issue detected and a Coverage Modification Request with the list of affected cells and SSBs). With this step, gNB-DU2 is informed of the changes applied by the neighbour gNB-DU1 and based on historical data it can select the configuration that best fits to these changes.
(5) gNB-DU2 selects the new configuration and sends to gNB-CU-CP2 an indication of the applied coverage modification (Coverage Modification Response)

2.3. Node coordination for CCO in NR
The following aspects are discussed:
· Coordinated adaptation of coverage
· Per-SSB beam coverage optimization

Regarding the first aspect, as already described, if a gNB sends to a neighbour gNB an indication of a new coverage state for one of its cells, the receiving gNB may in turn decide to adapt the coverage of its cells accordingly. In practice, this means that the receiving gNB may send back a new coverage state resulting from the changes done to adjust to the actions performed at the transmitting gNB. 
E.g. to address an high interference due to traffic hotspot at cell edge, there is a need for coordinated coverage adjustments between neighbour nodes (see Figure 2).
Proposal 4: A gNB that receives from a neighbor gNB, indication of coverage update at the neighbor gNB due to a CCO issue, may adapts the coverage of its cells. 
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[bookmark: _Ref58766199]Figure 2 – Coverage update in gNB2 following a coverage update in gNB1

Regarding the second aspect, RAN3 has agreed at RAN3#110-e that: 
The CCO signaling over Xn supports SSB beam coverage optimizations.
It remains to be decided how this can be achieved. 
Since an NR cell can be realized with up to 64 beams, the Xn signalling needs to account for this.
The table below presents a comparative analysis for alternative solutions.
	Solution
	Analysis

	1) Implicit signalling of per-SSB beam shaping
	A unique coverage state index is signalled between gNBs. There is no distinction if the index provided relates to a cell level optimization or to an SSB beam level optimization. Coverage updates for an individual SSB beam (e.g. SSB beam 0 in Figure 2) can be represented by a specific modification of the cell coverage envelope, i.e. by a specific value of the coverage state index that relates to the portion of the cell (a geographical area) corresponding to SSB beam 0.
The higher the number of SSB beams, the higher the number of values for the signalled coverage state index. It is not possible to keep low the number of possible values for the coverage state index, as this contrasts with the maximum allowed number of SSB beams in one NR cell (64). A low number of possible indexes limits the SSB combinations and makes implementation more complex.
Inter-vendor scenario is likely not supported, due to different interpretation of the signalling.

	2) Explicit signalling of per-SSB beam shaping
	Individual per-SSB coverage index is signalled between gNBs. 
The receiving node becomes aware that a neighbouring cell (at the transmitting gNB) has changed its coverage envelope, and which are the SSB identities of the affected SSBs. A per-SSB coverage index indicates the new configuration adopted at the transmitting gNB. 
The signalling is rather simple and adapts to the maximum allowed number of SSB beams in one NR cell.
The receiving node can easily map the change in the coverage envelope to the SSB beams. 
The receiving node can use this information and UE measurements collected for the same SSB beams to adapt the shape of the neighbouring cell focussing only on the portion that matches the SSB beams of the transmitting gNB whose coverages have been changed.
In time, the receiving gNB can learn how to match the individual per-SSB coverage index to its cells and beams.

Inter-vendor scenario for SSB optimization is supported.

	3) Per-cell coverage index with SSB Beam Identity 
	The receiving node becomes aware that a neighbouring cell (at the transmitting gNB) has changed its coverage envelope, and which are the SSB identities of the affected SSB beams. 
The signalling is rather simple and adapts to the maximum allowed number of SSB beams in one NR cell.
Inter-vendor scenario for SSB optimization is supported.
Compared to solution 2, the receiving gNB likely needs more time to learn how to react to the CCO actions occurring at the transmitting gNB.



Option 3 gives the possibility to support SSB beam coverage optimization with a good compromise between signalling complexity and interoperability.
At the last RAN3 meeting the following was agreed:
CCO signaling over Xn supports SSB beam coverage optimizations
In light of the above discussion and in light of the agreement above, the following is proposed:
Proposal 5: To support CCO signaling over Xn for SSB beam coverage optimizations, a list of SSB beams identifiers associated to a coverage status can be signaled between gNBs. 

2.4. MDT data for NR CCO issue detection
Concerning the information that may be used by NR CCO, we would like to reuse some of the already available UE measurements and make them visible to the CCO function residing in a neighbor gNB, in order to enable better detection of CCO issues.
In current specification, a gNB can receive UE measurements pertaining to, among others, signal strength, signal quality and location information related to cells and beams controlled by neighbor gNBs as part of MDT. Such information is available as retrieved from the UE via RLF-Report-r16 IEs and LogMeasReport-r16 IE (TS 38.331).
The extra information provided by LogMeasReport-r16 can support the detection of CCO issues due to discrepancies in cells coverage. The scenario we would like to address is in Figure 3. 
A CCO function residing in gNB_1 receives coverage measurements of Cell B (controlled by gNB_2) from the UE_1 camped on Cell A (controlled by gNB_1). In the scenario under discussion, the UE_1 is at the cell border of Cell A and the perceived coverage for Cell B is very poor. 
From gNB_1 perspective, Cell B measurements are “measurements of neighbor cells”. 
The neighbor gNB receives coverage measurements for Cell B from a UE_2, located at the cell border of Cell B. In the scenario under discussion, even if the UE_2 is at the cell border of Cell B, the coverage of Cell B measured by UE_2 is much stronger than the coverage of Cell B measured by UE_1. 
From gNB_2 perspective, Cell B measurements are “measurements of serving cells”.
If the CCO function in gNB_1 would receive “measurements of serving cell” collected at gNB_2 for UEs located at the border of the cells controlled by gNB_2 (such as UE_2), it will be able to detect the gap between the coverage border of the same cell (in the example Cell B) when measured as “neighbor” and when measured as “serving”. Further actions to solve the issue can follow.
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[bookmark: _Ref52272232]Figure 3 – Collection of UE measurements for neighbor cells from neighbor gNB
Observation 2: It is possible to detect gaps in the coverage border perceived by different gNBs for the same cell. 
It seems therefore beneficial to exchange between gNBs the UE measurements collected at the cell border, for cells that are seen by one gNB as “neighbor cells” and by the neighbor gNB as “serving cells”. The UE collects such measurements in LogMeasReport-r16 IE.
Proposal 6: For CCO issue detection, cell coverage measurements collected at cell edge can be sent from the gNB that controls the cell towards a neighbor gNB.

Some details on the LogMeasReport-r16 IE are provided below.
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
}

LogMeasReport-r16 ::=                SEQUENCE {
    absoluteTimeStamp-r16                AbsoluteTimeInfo-r16,
    traceReference-r16                   TraceReference-r16,
    traceRecordingSessionRef-r16         OCTET STRING (SIZE (2)),
    tce-Id-r16                           OCTET STRING (SIZE (1)),
    logMeasInfoList-r16                  LogMeasInfoList-r16,
    logMeasAvailable-r16                 ENUMERATED {true}                   OPTIONAL,
    logMeasAvailableBT-r16               ENUMERATED {true}                   OPTIONAL,
    logMeasAvailableWLAN-r16             ENUMERATED {true}                   OPTIONAL,
    ...
}
 
LogMeasInfoList-r16 ::=              SEQUENCE (SIZE (1..maxLogMeasReport-r16)) OF LogMeasInfo-r16

LogMeasInfo-r16 ::=                  SEQUENCE {
    locationInfo-r16                     LocationInfo-r16                    OPTIONAL,
    relativeTimeStamp-r16                INTEGER (0..7200),
    servCellIdentity-r16                 CGI-Info-Logging-r16,
    measResultServingCell-r16            MeasResultServingCell-r16           OPTIONAL,
    measResultNeighCells-r16             SEQUENCE {
        measResultNeighCellListNR            MeasResultListLogging2NR-r16    OPTIONAL,
        measResultNeighCellListEUTRA         MeasResultList2EUTRA-r16        OPTIONAL
    },
    anyCellSelectionDetected-r16         ENUMERATED {true}                   OPTIONAL
}






Conclusions
[bookmark: _Hlk58306597][bookmark: _Hlk61364291]Observation 1: CCO scenarios require a coordinated coverage optimization between neighbor nodes. 
Proposal 1: RAN3 to agree that gNB-CU-CP is responsible to detect CCO issues and to send/receive the indication of coverage modification to/from a neighbor gNB. 
Proposal 2: RAN3 to agree that gNB-DU is responsible to execute the modification of cell coverage envelope and to inform gNB-CU-CP that a coverage modification has occurred. 
Proposal 3: RAN3 to agree that gNB-CU-CP informs gNB-DU about the detection of a CCO issue. 
Proposal 4: A gNB that receives from a neighbor gNB, indication of coverage update at the neighbor gNB due to a CCO issue, may adapts the coverage of its cells. 
Proposal 5: To support CCO signaling over Xn for SSB beam coverage optimizations, a list of SSB beams identifiers associated to a coverage status can be signaled between gNBs. 
Observation 2: It is possible to detect gaps in the coverage border perceived by different gNBs for the same cell. 
Proposal 6: For CCO issue detection, cell coverage measurements collected at cell edge can be sent from the gNB that controls the cell towards a neighbor gNB.

A sample TP mirroring the proposals for 38.300 is in Appendix A.
A sample TP mirroring the proposals for XnAP is in [2].
A sample TP mirroring the proposals for F1AP is in [3].


References
[1] R3-207031 - CB: # 1008_SONMDT_CCO - Summary of email discussion
[2] [bookmark: _Ref61362758]R3-210681 – TP for SON BL CR for TS 38.423 - CCO
[3] [bookmark: _Ref61362777]R3-210682 – TP for SON BL CR for TS 38.473 - CCO









Appendix A - Sample TP for 38.300 for CCO
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15.5.X	Support for CCO
15.5.X.1	General
The objective of NR Capacity and Coverage Optimization function is to address the following:
· Coverage issues
· Capacity issues
The CCO function addresses coverage issues due to bad coverage planning, resulting in a suboptimal coverage of reference signals. UEs are exposed to failures or degraded performance, e.g. when a coverage hole is found or an UL/DL disparity is encountered. It is worth noticing that Mobility Robustness Optimization (MRO) is expected to take care of all types of failures due to wrong mobility settings within a network with good cell coverage planning. 
The CCO function addresses capacity issues due to UEs served at the border between cells/beams and utilizing the same resources or due to suboptimal coverage of data channels. In such scenarios, the cell/beam capacity is saturated, and one or more UEs are subject to failures or suboptimal performance. The issue may be caused by a number of reasons, e.g. an high demand of services exceeding the cell/beam available resources, or poor radio conditions affecting a large proportion of the served UEs (for example 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) takes care of load distribution via inter-frequency mobility, i.e. where cross cell interference is not an issue.
An NR CCO function consists at least of the following:
· Detection of the CCO issue;
· Actions to resolve the CCO issue.

An CCO issue can be solved by means of:
· cell coverage adjustment;
· SSB coverage adjustment.

For an NG-RAN node in split architecture:
· gNB-CU is responsible to detect the CCO issue and to signal the CCO issue and the actions taken for its resolution to a neighbor NG-RAN node;
· gNB-DU is responsible to execute a coverage update to solve the CCO issue, in the best way its implementation allows.


15.5.X.2 	Input for CCO issue detection in NR
To detect a CCO issue in NR, the following input can be considered:
· 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 (e.g. access, configuration);
· Interference measurements (e.g. RSRQ on a per UE basis);
· UE measurement reports on coverage or interference for SSB and/or CSI-RS beams;
· Cell load and other performance information from target cell and neighbor cells.


15.5.X.3 	Actions for CCO issue resolution in NR
The NR CCO function may trigger actions to adjust cell and/or beam coverage in a coordinated manner between NG-RAN nodes.
The resolution of a CCO issue in NR, for the intra-NG-RAN node case includes the following:
1) gNB-CU-CP assists the gNB-DU to detect the presence of the CCO issue
2) gNB-DU executes updates of the cell coverage envelope in the best way its implementation allows
3) gNB-DU informs gNB-CU-CP of the new configuration status.

The resolution of a CCO issue in NR, for the inter-NG-RAN node case includes the following:
- steps 1) to 3) as described for the case of intra-NG-RAN node, executed by NG-RAN node1
- NG-RAN node1 informs the NG-RAN node2 of the presence of a CCO issue and the actions pursued by NG-RAN node1
- steps 1) to 3) as described for the case of intra-NG-RAN node, executed by NG-RAN node2.


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