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Decision/action requested

Agree to create a shadow TS to TS32.522 to capture the progress of this work item
Include the proposed material into an informative annex of that Shadow TS.
2
References

[1] TR32.522 V11.0.0

3
Rationale

According to our understanding, the approach for this work item was basically agreed as follows: 

Step 1: Identify conflicts and potentially commonalities. 

Step 2: Analyse if they should be addressed by specialized or generic functions.
Step 3: Define such functions.

This contribution addresses step 1 and partly step 2. 

The proposal is to add this material to an informative annex of TS 32.522 [1]. This should be handled in SA5 like a shadow TS, to capture the agreements and the progress of the work item. Direct CR-ing of incomplete material into the TS is not desirable.

4
Detailed proposal

pCR to shadow TS based on [1].
No change marks have been used for readability, because the whole section is new.
	First change (new Annex)
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B.1. Examples for Conflicts between SON Functions 

B.1.1 SON Conflict during self-configuration for allocation PCI values
There can be two or more instances of the Physical Cell ID (PCI) allocation function active in the same network or network area at the same time. They are triggered by the insertion of new cells and they need to assign a new ID to the inserted cell and potentially to surrounding cells in case cell ID conflicts exist. 

There exists the potential of a conflict (cell ID collision or confusion) between the results of two or more simultaneously running, but spatially separated instances of the PCI function. As shown in Figure A1.1.-1, Cell X is “confused” by two of its neighbour cells that have the same Physical Cell ID “Cell A” after the PCI instance II assigns the same physical cell ID to the latest inserted cell, if PCI Instances I and II are not coordinated..
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Figure B.1.1-1: A conflict between two PCI instances

The impact time of the conflict is “short” to “medium”, depending on the execution duration of the PCI algorithm.  The conflict probability may be low due to the relatively rare cases of macro cell insertions, or the need to update a PCI, respectively. However, this may be different for scenarios with many small cells, including Femto cells which can be switched on and off rather often. In case a cell ID collision / confusion conflict actually occurs, the impact is severe as a cell may become inoperable or the handover to a cell may become impossible. There is thus the need of coordination at run-time, so that a potential conflict can be prevented or resolved.

B.1.2 SON Conflict between an MRO Function Instance and an MLB Function Instance

Assume the Mobility Robustness Optimization (MRO) function and the Mobility Load Balancing (MLB) function are designed separately and not coordinated at run-time. An MLB function instance and an MRO function instance may conflict heavily with each other by cancelling the handover performance that would otherwise be improved by each of them, as shown in Figure A1.2-1. 
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Figure B.1.2-1: A conflict between MRO and MLB instances

The probability that such a conflict occurs in case the MRO and MLB functions run in an uncoordinated manner is high, and the impact of the conflict is severe. There is thus the need of coordination between them in run-time or the two SON functions need to be designed together such that a potential conflict can be prevented.

B.1.3 SON Conflict between an MRO Function Instance and a CCO Function Instance

An instance of the CCO function changes the tilt settings of the cell to achieve the optimum computed by the CCO algorithm. This SON function has a rather long visibility delay time, i.e., the time until the modifications can be seen from the measurements. During the visibility delay time of the CCO function, an MRO function is triggered, which uses measurements collected in the time before the trigger to calculate new HO settings (see Figure B.1.3.1). However, these measurements are influenced by the changes of CCO as the tilt modifications change the cell size and hence the hysteresis of the cell. Because the MRO and CCO functions are not coordinated, the MRO function hence uses wrong measurements as basis for the calculation. 
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Figure B.1.3-1: A conflict between CCO and MRO instances

The conflict probability is high in case CCO and MRO are not coordinated, as the visibility delay of the CCO function is rather long. The impact is also significant as a cell working with non-optimal handover parameters may lead to handover problems such as handover failures and handover ping-pong. 

B.1.4 SON Conflict between two CCO Function Instances

Except the key parameters CQI and RSRP, a CCO function to optimising the antenna tilt (abbr.: CCO(RET) ) and a CCO function optimising the transmission power (abbr.: CCO(TXP) ) share little input parameters. Their triggers are partly different, but their output parameters are clearly different. However, the output parameters impact similar radio characteristics of the affected cells since changes in tilt and TX power have similar effects. For example, down-tilting and decreasing the TX power both shrink the coverage area of the cell, while simultaneous up-tilting and decreasing TX power may neutralise each other. The situation may be even more complex in case CCO(RET) performs horizontal beam-steering while CCO(TXP) changes the TX power of the cell. Therefore, given the fact that CCO(RET) and CCO(TXP) are implemented and act as independent (non-coordinated) SON functions within one cell, they may heavily conflict with each other even though they share only a few key parameters. It is to be noted that changes to TX power and tilt in general have a rather long impact time as the corresponding visibility delay and relevance intervals  and hence the impact time of the SON functions is rather long.

In the case of overlapping SON function areas, the conflicts between CCO(RET) and CCO(TXP) can happen if CCO(RET) and CCO(TXP) are triggered simultaneously (see Figure B.1.4-1) and change the respective radio parameters of the same cell. They do not change the same parameters (tilt vs. power), but they impact the same characteristic of the cell, in this case the cell size. This is a direct characteristic conflict (Category C1) according to table 9.1.1. 
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Figure B.1.4-1: A conflict between two CCO instances

B.1.5 SON Conflict between CCO and MLB instances

An instance of the CCO function in Cell A modifies TX power and electrical tilt and therefore has an impact on the cell size. The cell size is a characteristic which is difficult to measure and may hence not easily be visible from measurements. An MLB function simultaneously running on a neighbouring Cell B modifies the handover hysteresis of Cell B, to achieve a better load distribution between Cell A and Cell B. However, the size of Cell A modified by the CCO function clearly has an impact on the handover hysteresis as the overlap area with the neighbouring Cell B changes. This causes the MLB parameter changes in Cell B to be potentially incorrect, e.g., such that the handover hysteresis modified by the MLB function and hence the handover trigger threshold does not match with the cell overlap that has been changed by CCO in Cell A (see also Figure B.1.5-1). In case the CCO and MLB functions on neighbouring cells are not coordinated with each other, one SON function may cancel the effects of the other one. However, this is difficult to measure and may hence not be recognised by the SON functions. 
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Figure B.1.5-1: A Conflict between CCO and MLB functions

The conflict probability is high in case CCO and MLB functions are not coordinated, as the visibility delay of the CCO(RET) function is rather long, and the MLB function may not recognise the changes. The impact is also significant as a cell working with non-optimal handover parameters may lead to handover problems such as handover failures and handover ping-pong. 

B.1.6 Conclusion from examples
The above examples have been chosen to present a few typical cases of the vast amount of possible combinations of SON functions and their potential conflicts.
Consequently, designing example based solutions looks not very promising. But many of them show some commonalities, which may help to identify solutions. Therefore, the SON conflicts are categorized, see next clause.

B.2 SON Conflict Categories
B.2.1 Configuration Conflicts

B.2.1.1 Introduction
A conflict is categorized as a configuration conflict whenever the functions operate on at least a single or a set of shared cofiguration parameters. An automatic analysis of the SON-Functions can be used to identify all function pairs that operate on the same parameters. The operation on shared parameters is a necessary but not always a sufficient condition to classify the functions as potentially conflicting. If two functions only consume the same configuration parameter setting but do not change this particular configuration parameter and do not operate on further shared parameters they are not conflicting. In order to determine whether two functions that operate on identical parameters show conflicting behavior, a more detailed analysis including operational experience might be required.

The configuration conflict class is subdivided into output and input parameter conflicts. 

B.2.1.2 Input Parameter Conflict

B.2.1.2.1 Definition
SON-Functions often use current parameter settings as input. Either because the output parameters have to be configured dependent on other parameters or because the input is used to derive the new configuration. SON-Functions that deal with parameters whose configuration is dependent on the configuration of other parameters can suffer from an input conflict. In order to compute new configuration settings those functions will read the dependent parameters and then have to rely on the stability of those parameters until the end of the operation. An Input Parameter Conflict is given, if the stability of such a parameter is not given.
B.2.1.3 Output Parameter Conflict

B.2.1.3.1 Definition

A conflict falls into this category whenever both conflicting functions try to modify at least a single shared parameter differently. The following variants exist: 
Directionality Output Parameter Conflict: 
In case the functions try to modify the shared parameter in opposite directions it is called a directionality conflict. 
Magnitude Output Parameter Conflict: 
Even if the shared parameter is changed in the same direction, there is still the possibility for a conflict. The conflict originates in different magnitudes of the requested changes. In case one function requests a change that is much larger than the change requested by the other function the expected effects might be canceled or be reversed. 
Change / Unchange Output Parameter Conflict: 
A conflict falls into this category if one of the SONFunctions comes to the conclusion that the shared parameter has already the optimal value and does not need to be changed, while others are changed in order to match the configuration of the shared parameter. The conflicting function then modifies the previously stable shared parameter to reach its goal. As soon as the parameter is modified the goals of the first function will not be met.

B.2.1.3.2 Visualization

Two SON function instances F1 and F2 may compete over their shared parameters (see Figure 9.1.4), where function instance F1 requests to increase the handover parameter “Qoffset,” while function instance F2 requests to decrease this parameter after a short time interval. Without coordination this leads to an oscillation effect for this parameter which is obviously not the desired behaviour.
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Figure B.2.1.3.2-1 Parameter competition between different functions instances.

B.2.2 Measurement Conflicts 

B.2.2.1 Definition

Many SON-Functions use performance measurement values as input. In general, performance measurements are used to characterize the state of the network. Either directly or aggregated into KPIs. States of the network are described through sets of measurements and their values with respect to reference values. There are different ways how measurements are used by the SON-Functions. Either to characterize the trigger situations that are detected by the monitoring part of the SON-Function which initiates the SON-Function algorithm execution or as input to the algorithm to evaluate the state of the system and deduce the appropriate actions or configurations to resolve the current situation.

Even if both, monitoring and algorithm part of the SON-Function use performance measurement values they do not have to be identical. For example, the monitoring part makes use of a minimal set of performance measurements that is sufficient to characterize the trigger situation. Then, for the algorithm part, additional or even a completely disjoint set of performance measurements is used for a detailed analysis of the situation and to compute new configurations.

In general almost any SON-Function execution has effects on performance measurements. Usually at least the measurements that have been used as input are affected. Not all used measurements have to be affected but,  due to the conceptual foundation of SON-Function operation, a SON-Function will affect the measurements that are used to define its trigger situation.
The same measurement values are often used by multiple SON-Functions. A SON-Function action, can therefore have effects on multiple functions. Either on the measurements that are used by the monitoring part of another SON-Function or on the measurements used by the action part. SON-Function coordination needs to consider such relations to prevent measurement conflicts.

For the measurement conflicts it is important to note, that changes in measurements can be caused by different reasons. Those relevant for measurement conflicts are only those which are caused by changes of the network configuration. Changes that are caused, for example, by a changing underlying traffic pattern are not considered for the measurement conflicts.

The conflicts of the measurement class are subdivided based on reasons for the conflict. The following three subclasses have been identified:

Enforcement: 
Reconfigurations in the network are often not instantaneously enforced at the target NE. Depending on the network setup and the access possibilities changing a configuration takes some time between the reconfiguration decision and the actual reconfiguration, especially if intermediate configuration management tool chains need to be used. While the configuration process is executed the already "performed" changes are not visible to other SON-Functions. While those changes have not been enforced other SON-Functions could trigger conflicting actions. The conflicting behavior either results in contradicting configuration requests or additional unnecessary reconfigurations.

Visibility: 
Configuration changes are not immediately visible, there is always some delay until changes start to show effects on the measurement values. And even then the full effects are not instantaneously visible. This delay originates in the fact that in order to collect reasonable measurements a certain amount of network traffic is required. During this time the so called visibility conflict can happen. This will either lead to SON-Functions being triggered although no action is needed or the resulting configuration change leads to a too high or low change.

Protection: 
Many SON-Functions use measurement values that have been aggregated over a certain time as input. That means if the Function becomes active in the moment previous changes start to show full effect in the measurements values, there is still a high probability that the measurement values it uses for its operation do not (fully) reflect the previous changes. The result of a protection conflict is the usage of outdated network measurement values for the SON-Function algorithm.

B.2.2.2 Visualization

Two or more SON function instances (F1 and F2-m) may compete over different time scales where the actions of function instance F2-m may distort the measurements needed for F1 to make a correct decision, as shown in Figure B.2.2.2-1.
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Figure B.2.2.2-1: Measurement conflict between different function instances.

B.2.3 Characteristic Conflicts

B.2.3.1 Introduction
Conflicts of this category are rooted in the characteristics of a cell which makes automatic detection almost impossible. A typical cell characteristic is for example its coverage area. Cell characteristics are reflected in a multitude of measurements and can often be influenced by different parameters.

Therefore it is possible that SON-Functions which have an impact on a specific cell characteristic operate on fully disjoint sets of measurements and configuration parameters and still have a Characteristic Conflict
Two subclasses of the Characteristic Conflicts have been identified:

B.2.3.2 Direct Characteristic Conflict

B.2.3.2.1 Definition
In a direct characteristic conflict SON functions change the same characteristic. For example two functions aiming to change the cell coverage area are in a direct characteristic conflict. 

B.2.3.3 Logical Dependency Characteristic Conflict

B.2.3.3.1 Definition
A Logical DependencyConflict appears if there is a logical dependency between the metrics influenced respectively used by a SON-Function.
B.2.3.3.2 Visualization

Example for conflict type C2:

Two function instances may cancel the performance gains made by each other, as shown in Figure B.2.3.2.2-1. For example, F2 performing CCO modifies downlink transmission power and electrical tilt and therefore has an impact on cell size, and instance F1 (e.g., MRO or MLB) modifies the handover hysteresis and therefore the handover trigger threshold. In combination F2 may cancel the effects of the improved handover settings made by F1, as by F1 changing the cell size, the overlap area between the two neighbouring cells changes, thus having an impact on the load of the cell targeted by F1 (since the handover procedures may start earlier or later). The effect is that the performance gain achieved with F1 is cancelled through the modifications done by F2.

Another similar example is the scenario where a Cell Outage Compensation (COC) function changes the cell size which may invalidate the assumptions under which the PCI of the cell (and those of neighbouring cells) have been computed.
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Figure B.2.3.2.2-1: Logical dependency conflict between two function instances

B.3 SON Function Interrelations

B.3.1 Mesh of SON Functions
There are many network parameters (a few hundreds, yet the majority of them rarely changes) related to SON functions in a self-organising LTE network. Among them, there are a small number of crucial parameters, e.g., cell-related IDs, radio transmission power and other antenna parameters, radio channel parameters, neighbor cell parameters, mobility parameters or cell activity status (due to energy saving), etc.. Figure B.3.-1 shows some of the network parameters that are directly related to two or more different SON functions, with the parameters being shared inputs, shared outputs, or both. In the figure, a solid arrow line denotes that the parameter is a major parameter for the SON function, while the dashed arrow line denotes that the parameter is a secondary parameter for the SON function. The figure depicts the possibility that one SON function may interact with another SON function through their directly shared network parameters.

In fact, the situation is even more complicated than what is shown in Figure B.3.-1, since not only identical parameters have to be taken into account, but also different parameters influencing the same physical characteristic of a cell (like Tx power and tilt influencing both cell coverage, cf. conflict category Characteristic Conflict). One SON function may thus also interact with another SON function through the shared physical characteristics of some different parameters used by the SON functions. 
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Figure B.3-1: Shared configuration parameters between different SON functions
B.4 Solution approach
Picking out a few SON function X to SON function Y cases will not scale. Every new SON function will add more combinations. Generic solutions for SON coordination need to be defined, which also allow catering for new or vendor specific SON functions. Such solutions can be found in the main body of this TS.

	End of changes
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