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ONAP-based SON Rel 11: Adding O-RAN A1 support
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ONAP SON Use Case – Control Loop with O1 (Rel 3-10)
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ONAP SON Use Case – Control Loop with O1 (Rel 3-10)
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RAN-Sim

ONAP SON Use Case – Control Loop with O1 & A1 (Rel 11)
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RAN-Sim

ONAP SON Use Case – Control Loop with O1 & A1 (Rel 11)
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RAN-Sim

ONAP SON Use Case – Control Loop with O1 & A1 (Rel 11)
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SON Handler MS

• Generates appropriate Control Loop (CL) messages 

for O1-based and A1-based SON action requests to Policy

• The CL message format was modified for Kohn release

• If the incoming message from RAN-Sim is a PCI-related fault 

notification, an O1-based Control Loop message is triggered

• If the incoming message from RAN-Sim is an ANR-related 

performance measurement notification, an A1-based Control Loop 

message is triggered



PM data sent from RAN-Sim to 

SON-Handler MS

PM Data

PM KPI VES message sent over O1 interface from RAN-Sim CU/DU NF (Honeycomb)M1



Control Loop (CL) Message Format 

for O1-based SON action 
# PCI message format till Jakarta release
{
"closedLoopControlName":" ControlLoop-vPCI-fb41f388-
a5f2-11e8-98d0-529269fb1459 ",
"closedLoopAlarmStart":1606805921693,
"closedLoopEventClient":"microservice.PCI",
"closedLoopEventStatus":"ONSET",
"target":"pnf.pnf-name",
"from":"PCIMS",
"version":"1.0.2",
"policyName":"PCI",
"policyVersion":"1.0.2",
"target_type":"PNF",
"requestID":"82feb01e-4f3e-40e2-b8df-683adabae893",
"AAI":{"generic-vnf.prov-status":"ACTIVE",
"generic-vnf.is-closed-loop-disabled":"false",
"pnf.pnf-name":"ncserver1"},
"Action":"ModifyConfig",

"payload":
"{"Configurations":
[{"data":{"FAPService":
{"alias":"Chn0008","X0005b9Lte":{"phyCellIdInUse":0,"pnfName
":"cucpserver1"},"CellConfig":{"LTE":{"RAN":{"Common":{"CellId
entity":"Chn0008"}}}}}}},{"data":{"FAPService":{"alias":"Chn0009
","X0005b9Lte":{"phyCellIdInUse":3,"pnfName":"cucpserver1"},"
CellConfig":{"LTE":{"RAN":{Common":{"CellIdentity":"Chn0009"}
}}}}}}]}“
}

# new O1 (PCI) message format for Kohn Release
{
"closedLoopControlName":" ControlLoop-SONO1-
fb41f388-a5f2-11e8-98d0-529269fb1459 ",
"closedLoopAlarmStart":1606805921693,
"closedLoopEventClient":"microservice.PCI",
"closedLoopEventStatus":"ONSET",
"target":"pnf.pnf-name",
"from":"PCIMS",
"version":"1.0.2",
"policyName": SONO1“",
"policyVersion":"1.0.2",
"target_type":"PNF",
"requestID":"82feb01e-4f3e-40e2-b8df-683adabae893",
"AAI":{"generic-vnf.prov-status":"ACTIVE",
"generic-vnf.is-closed-loop-disabled":"false",
"pnf.pnf-name":"ncserver1"},
"Action":"ModifyConfig",

"payload":
"{"Configurations":
[{"data":{"FAPService":
{"alias":"Chn0008","X0005b9Lte":{"phyCellIdInUse":0,"pnfName
":"cucpserver1"},"CellConfig":{"LTE":{"RAN":{"Common":{"CellId
entity":"Chn0008"}}}}}}},{"data":{"FAPService":{"alias":"Chn0009
","X0005b9Lte":{"phyCellIdInUse":3,"pnfName":"cucpserver1"},"
CellConfig":{"LTE":{"RAN":{Common":{"CellIdentity":"Chn0009"}
}}}}}}]}“
}

M2



Control Loop (CL) Message Format 

for A1-based SON action 
# ANR message format till Jakarta release
{

"closedLoopControlName":"ControlLoop-vSONH-7d4baf04-8875-4d1f-946d-

06b874048b61",

"closedLoopAlarmStart":1606805921693,

"closedLoopEventClient":"microservice.PCI",

"closedLoopEventStatus":"ONSET",

"target":"pnf.pnf-name",

"from":"PCIMS",

"version":"1.0.2",

"policyName":"PCI",

"policyVersion":"1.0.2",

"target_type":"PNF",

"requestID":"82feb01e-4f3e-40e2-b8df-683adabae893",

"AAI":{"generic-vnf.prov-status":"ACTIVE",

"generic-vnf.is-closed-loop-disabled":"false",

"pnf.pnf-name":"ncserver1"},

"Action":"ModifyConfigANR",

"payload":

"{"Configurations":

[{"data":{"FAPService":

{"alias":"Chn0014","CellConfig":{"LTE":{"RAN":{"Common":

{"CellIdentity":"Chn0014"},

"NeighborListInUse":

{"LTECell":[

{"PNFName":"ncserver1","PLMNID":"ran-

1","CID":"Chn0000","PhyCellID":0,"Blacklisted":"true"},

{"PNFName":"ncserver1","PLMNID":"ran-

1","CID":"Chn0001","PhyCellID":0,"Blacklisted":"true"}],"LTECellNumberOfEntries":"2"}}}}}}

}]}"

}

# New A1 (ANR) DMaaP message format
{

"closedLoopControlName":"ControlLoop-SONA1-7d4baf04-8875-4d1f-

946d-06b874048b61",

"closedLoopAlarmStart":1606805921693,

"closedLoopEventClient":"microservice.PCI",

"closedLoopEventStatus":"ONSET",

"target":"pnf.pnf-name",

"from":"PCIMS",

"version":"1.0.2",

"policyName":”SONA1",

"policyVersion":"1.0.2",

"target_type":"PNF",

"requestID":"82feb01e-4f3e-40e2-b8df-683adabae893",

"AAI":{"generic-vnf.prov-status":"ACTIVE",

"generic-vnf.is-closed-loop-disabled":"false",

"pnf.pnf-name":"cucpserver1"},

"Action":“putA1Policy" 

"payload":"{\"input\":{\"near-rt-ric-url\":\"https://10.31.4.43:30294/a1-

policy/v2/policies\",\"body\":{\"policy_id\":\"08f450b1-c872-4cdf-83fa-

b7d8084fb010\",\"policytype_id\":\"ANR\",\"ric_id\":\"a1-

terminator\",\"policy_data\":{\"PNFName\":\"cucpserver1\",\"PLMNID\":\"RA

N001\",\"CellID\":\"15689\",\"neighbours\":[{\"PNFName\":\"cucpserver1\",\"

PLMNID\":\"RAN001\",\"CellID\":\"15825\",\"ho-

kpi1\":88},{\"PNFName\":\"cucpserver1\",\"PLMNID\":\"RAN001\",\"CellID\":\

"15826\",\"ho-

kpi1\":88},{\"PNFName\":\"cucpserver1\",\"PLMNID\":\"RAN001\",\"CellID\":\

"13999\",\"ho-

kpi1\":88}]},\"service_id\":\"\",\"transient\":false,\"status_notification_uri\":\"\"}

}}"

M2



CL Request message sent from 

SON-Handler to Policy for A1 based action
M2



Policy Enforcement Function

• Two Control Loop (CL) flows for O1- and A1- based actions

• New CL message formats

• Different policies for O1-based and A1-based action

• CL messages forwarded to different DMaaP topics:

SDN-CL for O1, A1-P for A1

• Foundation for Policy-based rules for O1 and A1 flows

• Backward compatible



CL message from Policy to A1-PMS/SDN-R for 

A1-based SON action (payload is A1-P Policy)

Payload is A1-P Policy

M3
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A1 Policy Functions in ONAP / O-RAN SC

Ref: https://wiki.onap.org/display/DW/O-RAN+A1+Policies+in+ONAP

• A1 Policy Controller functions in 
ONAP CCSDK / SDNC 

• A1 Policy Management Service 

• Controller function for managing 
A1 Policies in the RAN. 

• Terminates A1 Interface in Non-
RT-RIC / SMO / ONAP

• Implements O-RAN A1 
Application Protocol for A1 
Policies

• Co-deployed with ONAP SDNC



SDN-R (SDNC/CCSDK)

• New CL message formats for O1 and A1

• New support for A1-based SON action

• Leverages existing A1-PMS work in ONAP/OSC to 

develop solution which interworks with RAN-Sim

– A1-PMS supports A1-P interface v2.0, v2.1

– Leverage OSC A1-Sim as A1 Termination in RAN-Sim
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RAN-Sim

ONAP SON Use Case – Control Loop with O1 & A1 (Rel 11)
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A1-P Policy Type initialization 

• New ANR A1-P Policy Type is added in A1 Terminator (RAN-Sim) 
to support ANR use case. The Policy Type Schema is shown 
below.
– {"policySchema":{"$schema":"http://json-schema.org/draft-

07/schema#","description":"ANR policy 
type","title":"ANR","type":"object","properties":{"PNFName":{"type":"string"},"ne
ighbours":{"type":"array","items":{"properties":{"PNFName":{"type":"string"},"Ce
llID":{"type":"string"},"ho-
kpi1":{"format":"uint8","type":"integer"},"PLMNID":{"type":"string"}}}},"CellID":{"t
ype":"string"},"additionalProperties":false,"PLMNID":{"type":"string"},"required":
["PNFName","PLMNID","CellID","neighbours"]}},"statusSchema":{"$schema":"
http://json-schema.org/draft-
07/schema#","title":"STD_2_0.2.0","description":"ANR policy type 
status","type":"object","properties":{"enforceStatus":{"type":"string"},"enforceRe
ason":{"type":"string"},"additionalProperties":false,"required":["enforceStatus"]}}
}

• A1-PMS supports O-RAN standard specified  A1-P interfaces and 
non-standard OSC interfaces as well.



SDN-R processing for A1 Messages

• SON Handler MS sends below control loop message to Policy, and payload (contains A1-P 
policy) is forwarded to SDN-R

• {"closedLoopControlName":"ControlLoop-SONA1-7d4baf04-8875-4d1f-946d-
06b874048b61","closedLoopAlarmStart":1668749521327,"closedLoopEventClient":"microservice.PCI","closedLoopEventStatus":"ONSET
","target":"pnf.pnf-
name","from":"PCIMS","version":"1.0.2","policyName":"SONA1","policyVersion":"1.0.2","payload":"{\"input\":{\"near-rt-ric-
url\":\"https://10.31.4.43:30294/a1-policy/v2/policies\",\"body\":{\"policy_id\":\"08f450b1-c872-4cdf-83fa-
b7d8084fb010\",\"policytype_id\":\"ANR\",\"ric_id\":\"a1-
terminator\",\"policy_data\":{\"PNFName\":\"cucpserver1\",\"PLMNID\":\"RAN001\",\"CellID\":\"15689\",\"neighbours\":[{\"PNFNam
e\":\"cucpserver1\",\"PLMNID\":\"RAN001\",\"CellID\":\"15825\",\"ho-
kpi1\":88},{\"PNFName\":\"cucpserver1\",\"PLMNID\":\"RAN001\",\"CellID\":\"15826\",\"ho-
kpi1\":88},{\"PNFName\":\"cucpserver1\",\"PLMNID\":\"RAN001\",\"CellID\":\"13999\",\"ho-
kpi1\":88}]},\"service_id\":\"\",\"transient\":false,\"status_notification_uri\":\"\"}}}","target_type":"PNF","requestID":"14f5cac5-22a2-
4847-ad9b-ec276d226d21","AAI":{"generic-vnf.prov-status":"ACTIVE","generic-vnf.is-closed-loop-disabled":"false","pnf.pnf-
name":"cucpserver1"},"Action":"putA1Policy"}

• A1 DMaaP Listener receives the request from Policy (PEF), forwards to an SLI graph, 
which forwards it to A1-PMS using REST API.

• A1-PMS handles all A1 interface protocol to A1 Terminator in RAN-Sim

• A1-PMS validates it against the A1 Policy Type registered with the A1-PMS.

• A1 DMaaP Listener sends appropriate responses back to Policy Framework
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RAN-Sim Enhancement: A1 flow

• Two new functions have been added to RAN-Sim

– A1 Terminator: Supports A1 interface to A1-PMS (in SMO)

– RAN-App: Abstracts the function of xApp

• ANR RAN-App serves the ANR SON Use Case.

• RAN-App interacts with the A1 Terminator to receive the ANR A1 policy 
payload from the A1-PMS (in SMO).

• RAN App Receives the A1 Policy message which is in below format.
{"policy_id":"08f450b1-c872-4cdf-83fa-
b7d8084fb010","payload":{"PNFName":"cucpserver1","neighbours":[{"PNFName":"cucpserver1","CellID":"15825"
,"ho-kpi1":88,"PLMNID":"RAN001"},{"PNFName":"cucpserver1","CellID":"15826","ho-
kpi1":88,"PLMNID":"RAN001"},{"PNFName":"cucpserver1","CellID":"13999","ho-
kpi1":88,"PLMNID":"RAN001"}],"CellID":"15689","PLMNID":"RAN001"},"action":"CreatePolicy","policy_type_id":"
ANR"}
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RAN-Sim Enhancement: A1 flow

• RAN-App processes the incoming message and performs the business logic 
using the ho-kpi parameter available in the payload.

• RAN App may trigger a new config for a serving cell to change its neighbour 
cell relations.

• To mimic the O-RAN E2 interface functionality, RAN App sends configuration 
changes for the CU/DU NF through the interface to RAN Simulator Controller.

• Message from RAN App to the RAN Simulator Controller (Websocket).
{"Configurations":[{"data":{"FAPService":{"CellConfig":{"LTE":{"RAN":{"Common":{"CellIdentity":"15689"},"Neig
hborListInUse":{"LTECell":[{"idGNBCUCPFunction":"cucpserver1","PLMNID":"RAN001","idNRCellRelation":"158
25","nRTCI":0,"isHOAllowed":"true"},{"idGNBCUCPFunction":"cucpserver1","PLMNID":"RAN001","idNRCellRela
tion":"15826","nRTCI":0,"isHOAllowed":"true"},{"idGNBCUCPFunction":"cucpserver1","PLMNID":"RAN001","id
NRCellRelation":"13999","nRTCI":0,"isHOAllowed":"true"}],"LTECellNumberOfEntries":"3"}}}},"idNRCellCU":"cuc
pserver1"}}}]}

• Message from RAN-App to A1 Terminator (Kafka)
{ "response-code":200, "error-info":Neighbour Cell Relation changed Successfully}



Conclusion

• ONAP 5G SON Use Case has been updated to 

support both A1 and O1 based actions

• Better alignment with O-RAN

• Built on existing ONAP/OSC work for better 

ONAP/O-RAN/OSC harmonization
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For more information

• SON Use Case Links:
5G-SON (earlier name was OOF-SON) — onap master documentation

R11 SON Use Case Overview - Developer Wiki - Confluence (onap.org)

• JIRA tasks: 
- https://jira.onap.org/browse/REQ-1212

- https://jira.onap.org/browse/CCSDK-3644

- https://jira.onap.org/browse/DCAEGEN2-3148

- https://jira.onap.org/browse/POLICY-4108

https://docs.onap.org/projects/onap-integration/en/latest/docs_5G_oof_son.html#docs-5g-oof-son
https://wiki.onap.org/display/DW/R11+SON+Use+Case+Overview
https://jira.onap.org/browse/REQ-1212
https://jira.onap.org/browse/CCSDK-3644
https://jira.onap.org/browse/DCAEGEN2-3148
https://jira.onap.org/browse/POLICY-4108


Thank You



Kafka Message Format from 

A1 Terminator to RAN-App

{

“action”:”CreatePolicy/DeletePolicy/GetPolicyStatus/..”,

“payload”:”{}”,

“policy_type_id”:” ORAN_QoSTarget_2.0.0”

‘’ric_id”:””

}
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SON Use Case: O1 and A1 based action

• Current (Rel 10 Jakarta)
- O1 based action for PCI config-change to NRCellDU/nRPCI value

(based on analysis in SON Handler MS)

- O1 based action for ANR config-change to 
NRCellCU/NRCellRelation/isHOAllowed value
(based on analysis of poor HO kpi values by SON Handler MS)

• Change for Rel 11 Kohn
- O1 based action for PCI config-change to NRCellDU/nRPCI value

(based on analysis in SON Handler MS)

- A1 based action for ANR guidance message to RAN App for CellRelation
(send poor HO kpi values to RAN App) – with end result of config change to 
NRCellCU/CellRelation/isHOAllowed value
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Control Loop for A1-based and O1-based actions

• Design approach
- ONAP Use Cases: Use similar solution for SON, Slicing, and other use cases

- ONAP/OSC: Harmonize with O-RAN SC work for non-rt-ric and smo

- Leverage existing work, phased approach towards target

• Target architecture
- Separate control loop names, PEF Policies for O1 and A1

- O1 control loop directed to SDN-R netconf client

- A1 control loop directed to A1 Policy Management Service (in SDN-R)

- Progress towards alignment with O-RAN rApp and R1 interface
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ONAP Component Impacts for Kohn release

COMPONENT IMPACT

DCAE • Generate modified Control Loop messages for PCI and ANR flows

Policy
• Modification of control loop messages for O1 and A1 based control action
• Modification of operational policies and actions for O1 and A1 messages

SDN-C (SDN-R)
• Implementation of A1 interface (A1-PMS)
• Modifications in handling of O1 and A1 control loop messages

RAN-Sim 
(Simulators)

• New support for A1 interface
• New A1 Termination modules (based on OSC)
• New RAN App for abstraction of xApp and Near-RT RIC
• Enhancement to RAN-Sim controller
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(RAN App)

Enhancing RAN-Sim to support both O1 and A1
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NetconfVES(REST)
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New module in RAN-Sim
• RAN App (abstraction of xApp)
• A1 termination

Areas of work
A. A1 termination (aligned with OSC)
B. RAN App (for xApp functionality)
C. O1 functionality in Near-RT RIC 

(netopeer)
D. Connection from Controller*

to xApp/Near-RT RIC
• websocket (simpler?)
• Netconf (need client in Controller)

E. E2 abstraction options:
• Via controller (simpler?)
• Direct interfaces (working towards 

E2)

* From Alex: 
1. Choice of interface will depend on 

team doing the development. 
RAN-Sim is Java based, netopeer is 
C/C++ based

2. For netconf client in RAN-Sim for 
netconf options, see for example 
https://github.com/Juniper/netcon
f-java 

O1-ConfigO1-VES

Kafka




