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Decision/action requested

Approve the structure for specification of legacy SON Functions.
2
References

[1]
3GPP TR 32.861 Study on the Self-Organizing Networks (SON) for 5G networks
3
Rationale

This contribution proposes a structure for legacy functions in the TR 28.861.

The proposed order to specify the legacy SON functions is:

1. Getting the nodes operational (O&M connection, security, sychronization, NG-C connection)

2. Automatic basic radio network config (neighbours, PCIs)

3. Robustness  (MRO, self healing, covOpt)

4. Performance (RACH opt, interference)

5. Energy (Cell sleep)

6. Capacity (Load balancing, capOpt)

4
Detailed proposal

To include in 28:861:
4
Concept and background

4.x
Legacy SON Functions
4.x.1
Self-establishment of eNodeB, including automated Software Management

The non-virtualized NF (e.g., gNB DU) is automatically established, when it plugs and connects to the IP network.

For LTE, the similar SON function has been defined for eNB in TS 32.501 [a]. For 5G, the self-establishment capability is expected to support for any type of non-virtualized NFs (but not only the Base Stations).

As part of self-establishment, the non-virtualized NF is also automatically set with initial configurations for the NF and its interfaces.
4.x.2
Automatic Neighbour Relation (ANR) management (including automatic X2 setup)

The neighbour relations, including intra-5G neighbour relations and inter-RAT neighbour relations, are automatically established by the gNB and the management system. 

The ANR concept defined for LTE in TS 32.511 [b] may be applicable to 5G.
4.x.3
PCI Configuration
The PCI is be automatically assigned to an NR cell by the gNB DU and the management system.

The framework for PCI selection defined for LTE in TS 36.300 [c] (see clause 22.3.5) may be applicable to 5G.
4.x.4
Automatic Radio Network Configuration Data Preparation


4.x.6
Load Balancing Optimization 
4.x.7
Inter-Cell Interference (Interference coordination)



4.x.10
RACH Optimization  (Random Access Optimisation)

The RACH parameters, for example listed in the following, are optimized automatically to achieve a better performance for UE random access.

-
RACH configuration (resource unit allocation);

-
RACH preamble split;

-
RACH back-off parameter value;

-
RACH transmission power control parameters.

The RACH optimization concept defined for LTE in TS 36.300 [c] may be applicable to 5G.
4.x.11
Centralized Capacity and Coverage Optimization

The CCO is to automatically optimize the coverage and capacity for radio networks, with the consideration of trade-off between each other. The CCO concept defined for LTE in TS 28.628 [d] may be applicable to 5G, however the functions specific to 5G radio technology (e.g., beam management) need to be taken into account.


4.x.13
Self-healing
4.x.14
SON coordination
4.x.15
Multi-vendor Plug and Play eNB connection to the network

4.x.16
SON for AAS-based Deployments

4.x.17
Trace and MDT


4.x.19
Mobility Robustness Optimisation

The MRO is to automatically detect and solve the problems relate to the intra-5G and inter-RAT mobility, which include (but not limited to):

-
Too early handover;

-
Too late handover;

-
Handover to wrong cell;

-
Unnecessary handover;

-
Ping-pang handover.

The MRO concept and mechanism defined for LTE in TS 28.628 [d] and TS 36.300 [c] may be applicable to 5G.
4.x.20
Energy Saving Management
X.5.1
Intra-5G Energy Saving in 5G networks

For energy saving purpose, in an off-peak-traffic situation, some functions of an NR cell or a NF are powered-off or restricted in resource usage in other ways, whereas the cell or NF is still controllable, and the coverage or capacity of the energy saving cell or NF is taken over by other NR cells or NFs.

The intra-RAT Energy Saving scenarios defined for LTE in TS 32.551 [f] are is also applicable to 5G, with the consideration that the RAT is for 5G instead of LTE.

X.5.2
Inter-RAT Energy Saving

For energy saving purpose, in an off-peak-traffic situation, some functions of an NR cell or a NF are powered-off or restricted in resource usage in other ways, whereas the NR cell or NF is still controllable, and the coverage or capacity of the energy saving cell or NF is taken over by the cells or NFs of another RAT.

The inter-RAT Energy Saving scenarios defined for LTE in TS 32.551 [f] are is also applicable to 5G, with the consideration that the cell for energy saving is of 5G instead of LTE.
5
Use cases

5.x
Legacy SON Functions

5.x.1
Self-Establishment of  non-virtualized NG-RAN and 5G Core Network functions, including automated Software Management
5.x.1.1
Goal

The new-installed NG-RAN node or 5G Core Network node to be configured in automated manner with no or minimal manual intervention. 

5.x.1.2
Pre-conditions

The NG-RAN or 5G Core Network node has been physically installed. The node has implementation of the self-configuration function. It is configured with initial OAM setup information e.g. local OAM IP address

The provider of the self-configuration service in the network is activated.

5.x.1.3
Steps

1. The network node is powered up 

2. The network node starts the process of discovering self-configuration management services provided in the network

3. When proper self-confguration service provider is discovered, the network node establishes connection with the service provider

4. Mutual authentication and authorization is performed by the network node and the self-confguration service provider.

5. The network node requests configuration data from the self-confguration service provider and receives the data, which may include radio configuration data, connectivity data, etc.

6. The network node performs self-configuration procedure based on the received configuration data.

7. The network node establishes external interfaces to other network nodes and becomes operational.

5.x.2
Automatic Neighbour Relation (ANR) management (including automatic X2 and Xn setup)
5.x.y
Automatic Neighbour Relation (ANR) optimization
5.x.y.1
Goal

The goal is to optimize the Neighbour Relations configured at the NG-RAN node.
5.x.y.2
Pre-conditions

The NG-RAN and the provider(s) of the NG-RAN provisioning management service and NG-RAN PM service are deployed and active. 

The ANR optimization function is deployed and active. It is a consumer of NG-RAN provisioning management service and also it is subscribed to the PM measurements related to mobility and interference management. The measurements may include such performance indicators as statistics of failed / dropped RRC connections, handover failures etc.

5.x.y.3
Steps 

1. The ANR optimization function is monitoring the performance of the cells managed by the provider(s) of NG-RAN Provisioning and PM management services.

2. If the ANR optimization function detects performance degradation in some cells, the ANR optimization function modifies the neighbor configuration parameters in such cells and/or in some of neighbor cells and continues monitoring the PM measurements. 

3. If the network performance does not recover, the ANR optimization function reverts the modifications made in the Step 2. 

4. Return to the Step 1.

This Use Case ends when the NG-RAN cells are taken out of service or when the ANR optimization function is stopped.

5.x.3
PCI Configuration
5.x.4
Automatic Radio Network Configuration Data Preparation


5.x.6
Load Balancing Optimization 
The objective of MLB is to automatically distribute cell load evenly among cells or to transfer part of the traffic from congested cells, by means of optimizing the inter-5G and inter-RAT mobility parameters.

The MLB concept and mechanism defined for LTE in TS 28.628 [d] and TS 36.300 [c] may be applicable to 5G.
5.x.7
Inter-Cell Interference (Interference coordination)

Inter-cell interference coordination is to manage radio resources such that inter-cell interference is kept under control. ICIC mechanism includes a frequency domain component and time domain component. ICIC is inherently a multi-cell RRM function that needs to take into account information (e.g. the resource usage status and traffic load situation) from multiple cells.

The ICIC concept defined for LTE in TS 36.300 [c] may be applicable to 5G.




5.x.10
RACH Optimization  (Random Access Optimisation)

5.x.11
Centralized Capacity and Coverage Optimization
5.x.11.1
Goal

The goal is NG-RAN coverage and capacity optimization.

5.x.11.2
Pre-conditions

NG-RAN in certain geographic area is active, managed by the provider(s) of the NG-RAN provisioning management service and the PM service. 

The CCO SON function is active and consumes the NG-RAN and 5GC provisioning management services and the PM services, provided by the corresponding providers. 

The measurements received by the CCO function may include indicators of network performance, which may include indications of bad coverage such as of RSRP and RSRQ statistics, RLFs, failed / dropped RRC connections, handover failures etc. Additional information sources can be taken into account, such as MDT (UE level trace) and information carried in the CDRs and EDRs.

5.x.11.3
Steps

1. The CCO function is monitoring the performance indicators of the NG-RAN cells and may monitor 5GC for example CDRs and EDRs ofr such events as voice call drops.

2. If the CCO function detects coverage hole or capacity (performance) degradation in some cells or certain areas within the cell, the CCO function modifies the configuration parameters in the cell and/or in one or several neighbor cells or configuration of the 5GC, such as PCF policies to reduce the load, and continues monitoring the PM measurements. 

Some examples of degradation criteria are too low signal strength, low success rate for RRC connection attempts, for random access attempts etc.

3. If the network performance does not recover, the CCO function adjusts the modifications made in the Step 2. 

4. Return to the Step 1.

This Use Case ends when the monitored cells are taken out of service or when the CCO function is stopped.


5.x.13
Self-healing
5.x.14
SON coordination
Some SON functions eventually affect the same network parameters, thus these SON functions need to be coordinated to prevent or resolve the conflicts.

The SON coordination concept defined for LTE in TS 28.628 [d] is also applicable to 5G, however the new 5G SON functions and the 5G specific network parameters affected by the 5G SON functions need to be taken into account.
5.x.15
Multi-vendor Plug and Play of NFs
5.x.16
SON for AAS-based Deployments

5.x.17
Trace and MDT


5.x.19
Mobility Robustness Optimisation

5.x.20
Energy Saving Management
6
Potential requirements

6.x
Legacy SON Functions

6.x.1
Self-Establishment of NG-RAN and 5GC nodes , including automated Software Management

REQ-SC-NNN
The self-establishment functionality at the network node should be capable of self-configuration service provider discovery, mutual authentication, authorization, and registration for the service with the provider of the self-configuration service 

REQ-SC-PPP
The self-establishment functionality at the network node, should be capable of receiving the configuration data, and consequent self-configuration 

REQ-SC-QQQ
The provider of the self-configuration service should be capable of supporting self-configuration service provider discovery, mutual authentication and authorization
REQ-SC-RRR
The provider of the self-configuration service should be capable of delivery of the configuration data to the consumer that requested the data 

6.x.2
Automatic Neighbour Relation (ANR) management (including automatic X2 setup)
6.x.y Automatic Neighbour Relation (ANR) optimization
REQ-ANRO-MMM
The ANR optimization function should be able to monitor the performance of the cells using  by NG-RAN PM services.
REQ-ANRO-NNN
The ANR optimization function should be able to to set / modify the neighbor configuration parameters in the cells using the NG-RAN Provisioning services.
6.x.3
PCI Selection (PCI Configuration)

6.x.4
Automatic Radio Network Configuration Data Preparation

6.x.6
Load Balancing Optimization 
6.x.7
Inter-Cell Interference (Interference coordination)



6.x.10
RACH Optimization  (Random Access Optimisation)

6.x.11
Centralized Capacity and Coverage Optimization

REQ-CCO-MMM
The CCO function should be able to collect the performance indicators related to coverage and capacity, using PM management services
REQ-CCO-NNN
The CCO function should be able to set / modify the RAN and 5GC configuration parameters that affect coverage and capacity.

6.x.12
Performance Measurements for RACH Optimization and Capacity and Coverage Optimization

6.x.13
Self-healing
6.x.14
SON coordination
6.x.15
Multi-vendor Plug and Play of NFS
6.x.16
SON for AAS-based Deployments

6.x.17
Trace and MDT


6.x.19
Mobility Robustness Optimisation

6.x.20
Energy Saving Mangagement
7
Potential solutions

7.x
Legacy SON Functions

7.x.1
Self-establishment of non-virtualized NFs, including automated Software Management

7.x.2
Automatic Neighbour Relation (ANR) management (including automatic X2 setup)

7.x.3
PCI Configuration
7.x.4
Automatic Radio Network Configuration Data Preparation


7.x.6
Load Balancing Optimization 
7.x.7
Inter-Cell Interference (Interference coordination)



7.x.10
RACH Optimization  (Random Access Optimisation)

7.x.11
Centralized Capacity and Coverage Optimization


7.x.13
Self-healing
7.x.14
SON coordination
7.x.15
Multi-vendor Plug and Play eNB connection to the network

7.x.16
SON for AAS-based Deployments

7.x.17
Trace and MDT


7.x.19
Mobility Robustness Optimisation

7.x.20
Energy Saving Management
8
Conclusion

8.x
Legacy SON Functions

8.x.1
Self-establishment of non-virtualized NFs, including automated Software Management

8.x.2
Automatic Neighbour Relation (ANR) management (including automatic X2 setup)

8.x.3
PCI Configuration
8.x.4
Automatic Radio Network Configuration Data Preparation

8.x.5
Hand Over Optimization 
8.x.6
Load Balancing Optimization 
8.x.7
Inter-Cell Interference (Interference coordination)



8.x.10
RACH Optimization  (Random Access Optimisation)

8.x.11
Centralized Capacity and Coverage Optimization


8.x.13
Self-healing
8.x.14
SON coordination
8.x.15
Multi-vendor Plug and Play of NFs
8.x.16
SON for AAS-based Deployments

8.x.17
Trace and MDT


8.x.19
Mobility Robustness Optimisation

8.x.20
Energy Saving Management
