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1   Background
During RAN3#89 the following proposals with regards to enhance and optimize the X2 removal function as specified in REL12 have been discussed. 
· “Temporary X2 removal”

· “time to wait” before retry a removal
· OAM mismatch (“X2 REMOVAL REQUEST” causes)

· Benefit value

This contribution outlines how to enable eNBs to autonomously mange their X2 interfaces based on “benefit values” 

2   Discussion
2.1   Today’s steps carried out by operators manually 
Usually the decision whether or not to remove an X2 interface is not a “digital” decision. Today the decision, which interface to be removed, is done by humans.

Implicitly this decision is already based on “the benefit” the interface is offering to the involved eNBs and thus for the network. Today, “the benefit” provided by a certain X2 interface is “estimated” by the operator staff. In particular operator staff need to:

a.)  look up which features are configured in both eNodeBs  (HO relation, ICIC, MRO etc)

b.) need to check various statistics and usage data, in context of the configured features on both sides of the peer entities (think of a configured HO relation, but there hasn’t been any HO triggered at all)

Observation 1:   a.) Configured functionalities/features and
b.) the usage/utilization of functionalities/features
     need to be taken into account to derive whether a X2 interface can be removed or not

Over time, additional features and functions are being added to the X2 interface with each release.

While the operator staff  in steps a.) & b.) above, manually takes into account new features, any specified autonomous X2 removal functionality, would need to be revisited, for any new function added to X2AP.

Observation 2:   An autonomous X2 removal function should be transparent to newly added functions on X2AP

2.2   Proposal to allow a fully autonomous X2 maintenance procedure 

It’s obvious, it’s being difficult for any algorithm to decide solely upon the support of certain functionality or features (X2 for: Hand over Signalling, Load balancing, MRO, ICIC etc.)  in one of the peer nodes, whether the X2 interface can be removed or not. 

Furthermore the support of a feature doesn’t contribute to the question, to which degree a certain feature is actually used or more precisely to which degree the interface contributes to the benefits for the served customers at all. 

On the other hand side, it’s obvious that the parameter signalled between the peer nodes upon a node is able to decide, whether a certain interface shall be kept or removed, need to be abstract and generic to an utmost extend.
Taking into consideration the outlined steps in 2.1  above, it seems to be straight forward to mimic the human behaviour, and to calculate- and base the decision on a “benefit value” which X2 interface is subject to be removed

However in order to allow the network nodes like eNBs to autonomously take a decision which interface out of the ones connect to itself, are subject to be removed, the eNB need know the “benefit values” of the connected peer nodes to itself and the own “benefit values”  towards the other peer node. 

2.2.1   Example of a generic benefit value calculation
As outlined above, the “benefit value” to be signaled between different eNBs should be generic, but shall take into account the usage and the “importance” of a certain feature depending on the interface, being subject to removal.

Let’s assume such a benefit value being normalized in a range between e.g. [0-100]. 
In case an eNB signaled a value “0”, it shall be assumed there is no benefit for the eNB to keep the interface at all. I.e. the interface can be removed without any customer impact for the eNB signaling this value.

 In case an eNB signaled a value 100,  it shall be assumed the interface is most beneficial for the eNB signaling that value and can’t be removed at all
Observation 3:   There are only two benefit values with a distinct meaning causing a specified behaviour:


Benefit value:   0   =>  the interface can be removed without any customer impact
Benefit value: 100 =>  the interface can not be removed at all
The calculation of such a “benefit value” may take into account the usage of a certain feature/functionality deployed on the particular X2 interface. E.g. in case of the Hand Over functionality, the usage could be the number of Hand Overs per time unit. However such the calculation of the “benefit value” may take into account multiple input parameters as sketched in Figure 1.
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Figure 1: Realization example to calculate the benefit value of an X2 interface
The input channels (Xi) can be repeated depending on the number of features/functions seen as important for the calculation of the “benefit value”, expressing the need for a certain interface towards another peer node.

Furthermore, it’s obvious that this structure can easily accommodate future features in a backwards compatible manner.

The last normalization function in Figure 1 keeps the value range of the finally signaled “benefit value” independent from the number of features/functions taking into account for the benefit value calculation.
2.2.2   Example of a X2 removal procedure based on generic “benefit values” 
It’s assumed that each node (eNB) calculates the “benefit values” for all Interfaces connect to itself. 
E.g. in case of incoming interface setup request (e.g. X2 SETUP REQUEST), a initial estimated “benefit value” of the sending eNB may be included.

Upon reception of the X2 SETUP REQUEST message, the eNB is comparing “benefit values” of all already existing interfaces.

In case of a lack of available interface instances, the eNB will start to request the removal of an interface having the lowest “benefit values” out of the ones having a lower “benefit values” than incoming interface setup request (e.g. X2 SETUP REQUEST).

In Figure 2, a example scenario including a Message flow is sketched. Let’s assume the following sequence:

1.) eNB1 is requesting an interface towards eNB2
2.) eNB2 is lacking in free interface resources, and need to remove an existing interface first, before the setup request of eNB1 is being able to granted.
3.) eNB2 is therefore requesting an interface removal from eNB3, since the interface towards eNB3 is least beneficial for eNB2
4.) eNB3 is not acknowledging the request, since it’s “benefit value” BV3 = 100>BV3>0, but eNB3 responds with its own “benefit value” BV3 = 100>BV3>0 to eNB2.
5.) eNB2 is decides to request another interface removal, in this case from eNB4, since the interface towards eNB4 is the second least beneficial interface for eNB2
6.) eNB4 responds with its „benefit value“ BV4, which is 100>BV4>BV3>0
7.) eNB2 starts to query another eNB, since the removal request was left still unacknowledged. eNB2 is therefore requesting interface removal from eNB5, since the interface towards eNB4 is the third least beneficial interface for eNB2
8.) eNB5 acknowledges the removal request since its calculated „benefit value“ is 0, for its interface towards eNB2 
9.) eNB5 and eNB2 are removing the interface between each other.
10.) eNB2 is granting the interface setup between eNB1 and eNB2


[image: image2.emf]eNB1

eNB2

X2 SETUP REQUEST

including an intial estimated benefit value

X2 REMOVALREQUEST

eNB3

eNB2 starts to 

issue a removal 

request towards 

the least beneficial 

peer node

eNB4

X2 REMOVALRESPONSE

Including the „benefit value“ BV3 of eNB3

eNB3 responds with its 

„benefit value“ BV3 is 

100>BV3>0 for its 

interface towards eNB2 

X2 REMOVALREQUEST

eNB4 responds with 

its „benefit value“ BV4 

is 100>BV4>BV3>0 for 

its interface towards 

eNB2 

X2 REMOVALRESPONSE

Including the „benefit value“ BV4 of eNB4

eNB5

eNB5 

acknowledges the 

removal request 

since its 

calculated "benefit 

value" is 0 for its 

interface towards 

eNB2 

X2 REMOVALREQUEST

X2 REMOVALACKNOWLEDGE

eNB2 starts to quers another eNB since the reomoval request 

was left unacknowledged. eNB2 has to find another node having 

either the lowest „benefit value“ among all queried nodes or 

acknowledeges the removal request directly

eNB2 considers the interface towards eNB4 more valuable than 

the interface towards eNB3.

Unless an eNB Acknowledges the removal request directly or 

another eNB repsonds with a BV lower BV3, eNB3 would be 

subject to removal

eNB2 starts to query another eNB since the removal request was 

left unacknowledged. eNB2 has to find another node having 

either the lowest „benefit value“ among all queried nodes or 

acknowledeges the removal request directly

eNB2 removes the interface towards eNB5 since eNB5 

acknowledged.the removal request

X2 SETUP ACKNOWLEDGE


Figure 2 example message flow to remove “the least” important/beneficial X2 interface, based on “benefit values“

Based on the example, as sketched above, it has been demonstrated how an autonomous X2 interface removal function can be implemented.

Since the decision is based on an abstract “benefit value” signalled over X2, an autonomous operation, without human intervention, solely based on an algorithm is possible.

The only remaining effort for the operator would be left to configure and optimize the parameters of the implementation specific calculation of the benefit value within the node. 
Observation 4:  Only the signalling of the generic benefit value need to be standardized

3   Conclusion and proposals

RAN3 introduce a X2 removal procedure based on the signalling of generic “benefit values” over the X2 interface
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