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1         Decision/action requested

Agree on the proposals and introduce the proposed changes to TS32.522 
according to the CR in [1]
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3 Introduction

The topic of SON coordination has been discussed at a number of occasions in SA5 and many different proposals have been brought forward, ranging from coordination solutions for specific SON function interactions (see, for instance [2], [3] for recent examples), as well as, coordination solutions in general [4].
We agree to the intentions that some generic principles need to be laid down for SON coordination but before doing that it is important, first of all, to understand what we exactly mean with coordination and in which cases coordination would be needed in general. Therefore in this contribution, we first describe generic coordination cases and discuss the necessary mechanisms on Itf-N to support these coordination actions. Then we analyze all SON functions specified in the standard today to see how they might interact with each other and what mechanisms may be needed to solve potential conflicts. Corresponding description is proposed to add to 32.522 according to the CR in [1].
4 SON coordination scenarios
First of all, there is a need to clarify what we specifically mean with coordination and what are the conflict situations requiring coordination. There is already description in TS 32.522 distinguishing between 
· the case of conflict, when two or more SON functions are trying to adjust the same parameter and 
· the case of dependency when two or more SON functions may have an implicit relation. 
We can identify the following four generic system components of solutions for SON coordination: 

1. Prevention – The system component to prevent conflicts or negative influences between SON functions from happening. An example method is to define a simple priority system to ensure that two SON functions do not operate at the same time or simply by designing orthogonal SON functions which do not need to interact.

2. Reporting - The system component that reports information about network performance, SON performance using for example, PM reporting, MDT trace, alarms. The reporting function would typically provide the input to the Detection function.

3. Detection/Notification – The system component that detects conflicts or negative influences between SON functions. An example method is to use alarms or performance data to detect conflicts or negative influences. After detection of conflicts notification can be sent to the management system, to other SON functions or to the operator.
4. Resolution – The system component that resolve conflicts or unwanted behaviour. Example methods may be to disable a SON function or to change some configuration parameters.

The four system components can be executed in parallel. Whether all four system components should be used at all times is dependent on case by case basis.
In what follows we describe the possible architecture scenarios for SON coordination, where the scenarios differ in terms of the interface used for the coordination, distinguishing whether the network interfaces (case-1) or the type-1 management interface or any vendor specific interface (case-2) or the Itf-N interface (case-3) are used. We analyse these scenarios from the aspect of which of the conflict or dependency type of interactions may arise and what solutions would be applicable to prevent, detect and resolve these interactions. Later we also map the above SON coordination system components on the relevant architectures.
Case 1a, 1b: 

· Interaction between two SON functions of the same or different kind located in different NEs, coming from different vendors. In this case the communication happens via network interfaces (e.g., X2) and typically serves the purpose of implementing a distributed algorithm. Therefore the interactions typically happen dynamically on short time scales to implement a tight cooperation of the SON algorithms. Hence we use the term negotiation for this type of interactions in order to distinguish it from the more static and semi-static configuration type of interaction. For example, the ICIC functions in two NEs may send information about interference or load to each other dynamically, to be taken into account by the neighbour cell in its own decisions.
· Conflict cases on output parameters may not occur in this scenario as the SON algorithm in one cell is not able to manipulate the configuration parameters of another cell (which manipulated by the neighbour cell SON function).

· If there is dependency type of relation between the two SON functions that should be resolved via the X2 communication as part of the negotiation between the algorithms. Any such coordination is in RAN3 scope.
· Conclusion: These types of interactions are not in SA5 scope. If any conflict or dependency situations arise, they should be handled via the RAN specification of these SON functions.
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Figure 1: Interaction between SON functions via network interfaces
Case 2a, 2b, 2c:
· In this case the considered SON functions are coming from the same vendor and may be located in the NEs or in the DM. We note, however, that other scenarios involving any vendor specific communication on otherwise standardized interfaces (e.g., on X2 or Itf-N, not shown in the figures) should be considered in the same group as well.
· Conflict cases on the output parameters may occur in scenario 2a or 2c, in which cases the vendor specific design and implementation of the SON algorithms should ensure that such conflicts are prevented, detected and resolved.
· The situation is similar in case of dependency type of relations between these SON functions they should be resolved via vendor specific communication over the type-1 (2b, 2c) interface or within the NE itself (2a).

· We note that the interaction via the proprietary interfaces can be either of the negotiation type or the configuration type (recall the distinction between these two from above) depending on vendor realization. However, when it comes to the type-1 management interface it is rather the configuration type of interaction that would apply.
· Conclusion: Supporting SON coordination in these scenarios is out of standard scope. If any conflict or dependency situation arises they should be handled via vendor specific mechanisms.

[image: image2.emf] 

NE- vendor1

SON D

SON E

NE- vendor1

SON K

DM- vendor1

NE- vendor1

SON L

NE- vendor1

SON N

DM- vendor1

NE- vendor1

SON N

SON M

2a.   2b.   2c.  


Figure 2: Interaction between SON functions via the type-1 management interface and within the same vendor
Case 3a, 3b, 3c, 3d:

· In this case SON functions of different vendors have a relation via the NMS and via the Itf-N interface. The SON functions may be located either in NE, in NMS or in DM.

· Conflict on output parameters may occur only in case 3a, where NMS SON and NE SON may write the same parameter. (The same would apply for a case with SON in NMS and in DM, not shown in the figure.) The resolution of this type of conflict should be in the control of the NMS. For example, the NMS may receive indication on Itf-N about parameter changes executed in the network and may align these changes with its own parameter changes and with SON function configurations. See Section 6 for more details on the required Itf-N support.

· Dependency type of interactions between the SON function may occur in any of the relations of 3a, 3b 3c or 3d. Such dependencies should be controlled and coordinated from the NMS layer via configuration of NE SON (and DM SON) functions through Itf-N. See Section 6 for more details on the required Itf-N support.

· We note that interactions between SON functions via the Itf-N interface would be of the configuration type, i.e., no negotiation type of communication would be feasible on Itf-N. (Recall the distinction between these two types of communication from above.)
· Conclusion: It is in SA5 scope to provide coordination mechanisms via Itf-N for these scenarios.
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 Figure 3: Interaction between SON functions of different vendors via Itf-N
5 Mapping of SON coordination components to the architecture

In Figure 4 we show the mapping of general SON coordination components to the architecture of interest from SA5 SON coordination point of view, as we have concluded from the previous section (i.e., architecture case-3).
· Prevention: The component of prevention can be basically used at any layer and SON function element in the architecture. As it primarily means prevention mechanisms built into the SON functions by design either via vendor specific implementation or via standard specified fix relations (e.g., priorities) between SON functions (e.g., COC always has priority over ESM).
· Reporting: The component of status reporting about network and SON function situations necessarily have to be  located in the network (either in NE or in DM depending on SON function location).

· Detection/Notification: The component of detection and notification resides in the NMS, where it receives and processes the status reporting from the network to detect potential conflict situations.
· Resolution: This component resides in the NMS and executes coordinated control of SON functions based on reported information from the network and potentially based on the result of the detection action.
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Figure 4: Mapping of SON coordination components to the architecture

From the above SON coordination components, the reporting and resolution functions involve communication on the Itf-N interface, which means that these functions may require some standard support on the Itf-N interface. In case of the reporting function the standard support may include the already available PM, MDT, alarm and other reporting features, while in case of the resolution function it would include the SON configuration attributes. Whether the current Itf-N features need some extensions to support the reporting and resolution SON coordination components should be determined based on the analysis of specific SON function interactions use cases, which are discussed in the next section.
6 Analysis of existing SON functions

In Table 1 we illustrate all the possible combinations between SON functions and indicate where coordination may be needed. (We have omitted the ANR, PCI allocation SON functions from the table as these functions are clearly orthogonal to the others.) Boxes in gray indicate cases where no coordination is needed, boxes in green show the cases where coordination may be needed but it should be handled by the RAN without any need for Itf-N involvement. Boxes in red indicate potential coordination cases that should be performed via Itf-N. (We also indicate for each SON function whether it is NE deployed or NM deployed.)
LBO – MRO: Coordination may be needed as both functions may tune the same handover related parameters but the coordination should happen within the same node, i.e., no Itf-N involvement is needed.

ICIC – LBO: Some coordination may be needed as interference problems may be just caused by the LBO function pushing users into a neighbour cell even when channel conditions are worse. However, also in this case the coordination should take place between the SON function within the same node, i.e., no Itf-N involvement is needed. 
ESM – LBO: No need for coordination is foreseen between these functions, as it is unlikely that they would be taking actions in parallel. In high load scenarios where LBO may be actively taking actions, it is unlikely that ESM would have any room for actions (e.g., for switching off a cell in high load). Similarly, in low load situations where ESM may be taking actions, LBO would have nothing to do.
COC – ESM: The potential conflict and required coordination between these two SON functions have been already solved by specifying a fix priority between the two (i.e., COC always has higher priority).

CCO – LBO, ICIC, ESM, COC: Some coordination might be required between CCO and other network SON functions, in which case the coordination should be possible to solve via configuration of SON function via Itf-N. For example, CCO may observe LBO performance and detect when there is a continuous unbalance between two cells that LBO constantly tries to compensate and decide to reconfigure cell coverage regions instead, via adjusting antenna parameters. 
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Table 1: Potential coordination needs between SON functions
(red boxes indicating SA5 scope, grey means no coordination needed, green means coordination should be solved in RAN)
7 Proposal

In accordance with the discussion above it is suggested to include the corresponding text proposal according to [1] into TS 32.522.
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