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1. 
Introduction

Rel-8 and Rel-9 introduced SON use cases and solutions, with focus on macro eNBs [1,2]. Furthermore, additional use cases are included in the SON WID for Rel-10 (RP-100375), to enhance existing algorithms. Under the objectives in the same SON WID for Rel-10, the following it is mentioned:

· review and decide on the applicability of existing use-case level requirements for eNBs to HeNBs and modify them, if appropriate.
The following analysis examines the existing use cases for SON and provides indications about their needs, enhancements and modifications to accommodate the above requirement, in scenarios where HeNBs are present.
2
SON use cases for scenarios with HeNB
Given the large number of HeNB that would be active in a certain area and their uncoordinated deployment, automation of configuration and optimization of performance is a necessary mean to achieve the objective under limited costs. It is therefore needed to analyze what SON cases are of interest for HeNB. 

2.1
Scenario 1: eNB to HeNB interaction
The deployment of HeNB is expected to happen in environment together with eNB (typically macro coverage), and would help improving network performance, providing extra coverage and capacity, as illustrated in figure 1. 
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Figure 1: HeNBs deployment in interaction with macro eNBs.

For this scenario, interactions between eNB and HeNB shall be supported:

· Release 9 introduced support for inbound mobility to HeNB, whereby UEs present in scenario 1 can for example handover from macro eNB to HeNB, when entering the area covered by the HeNB. In order to guarantee optimized mobility performance, detection of handover failures and optimization of handover parameters is desirable (e.g. the macro eNB could optimize its parameters by receiving RLF Indications and Handover Reports from HeNBs) 
· With the introduction of inbound mobility to HeNB, it could be possible to offload the macro eNB, by moving few users to the HeNB when better system performance could be achieved. As HeNB are supposed to handle few users, it is important to ensure they can take the extra loading and exchange resource information with the macro eNB, so that the correct balance could be achieved between the macro eNB and the several HeNBs present  
· Given the different level of power between eNB and HeNB, it is important to minimize interference during access procedures and aim to optimized coverage. It is therefore desirable to configure and adjust RACH parameters and guarantee access performance for initial call setup and handover 

2.2
Scenario 2: HeNB to HeNB interaction

Areas with large density of HeNBs could also be expected for example for enterprise installations or for dense urban residential or office environments, whereby interactions among HeNBs are the case. One example of such scenario is  depicted in figure 2.
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Figure 2: HeNBs dense deployment, e.g. as enterprise network.

For this scenario, interactions happen mainly between HeNB and HeNB:

· HeNB are densely deployed to offer coverage and capacity, e.g. to an enterprise network. It is therefore desirable to ensure a correct assignment of the PCI to prevent conflict among the various HeNBs (e.g. a new HeNB should be able to select PCI in automatic way, when switched on in presence of other HeNBs), as well as to adjust RACH parameters and guarantee access performance for initial call setup and handover 

· Release 9 introduced support for inbound mobility to HeNB, whereby UEs handover from a HeNB to another HeNB. In order to guarantee optimized system performance, neighbour relations exchange, resource information exchange, detection of handover failures and optimization of handover parameters is desirable among HeNBs
2.3
Summary of SON support for scenarios with HeNB
The table below summarizes existing eNB functionalities for SON and related use cases, that are also of interest for scenarios with HeNB:

	Functionality
	Use case
	Applicability to Scenario 1
	Applicability to Scenario 2

	eNB Configuration Update


	Automatic Configuration of PCI
	PCI split will ensure an appropriate choice of PCIs between eNB and HeNB.
	Given the expected large number of HeNB e.g. in dense enterprise networks, automated configuration of PCIs is beneficial.

	
	RACH Optimization
	In scenarios where eNB and HeNB coexist, it is important to minimize interference among them and help for optimized coverage and access performance for setup and handover. 
	In scenarios where a large number of HeNB are present, it is important to minimize interference among them and help for optimized coverage and access performance for setup and handover.

	
	Automatic Neighbour Relation Function
	Providing ANR functionality in HeNB will be beneficial for mobility and help refining the neighbour relation of the macro eNB and HeNBs.
	Given the expected large number of HeNB, and the fact they can be switched on/off, automatic neighbour relation function is beneficial for mobility.

	Resource Status Update
	Load Balancing
	Load information exchange between eNB and HeNB could be beneficial to in dense HeNB networks, to fairly distribute the traffic among nodes.
	Load information exchange could be beneficial in dense HeNB networks, to fairly distribute the traffic among nodes.

	Mobility Settings Change
	
	Negotiation of parameters with HeNB helps optimizing the performance for scenarios where HeNB are present, for example to adjust user and resource distribution between the cells in case of highly loaded system or dense systems.

	RLF Indication
	Mobility Robustness Optimization
	Rel-9 introduced support for in-bound mobility to a HeNB either from another HeNB or from a macro eNB. Automated optimization of handover is beneficial.

To support that, RLF Indication and Handover report are provided.

	Handover Report
	
	



Conclusion 1: Looking at the table and relevant use cases included, it can be derived that in environments where the eNB and HeNB will coexist and interact, or where HeNB are deployed in large density, it is indeed beneficial to extend the relevant SON cases and solutions to HeNB. 
Proposal 1: We propose to extend the support SON use cases and solutions to HeNB.

2.4
Mechanisms for SON support with HeNB

In order to support these relevant SON use cases in HeNB, two approaches are considered:

· Introduce SON functions in S1 interface

· the S1 interface is already present for HeNB, but needs to be updated to include SON functionalities to support SON for HeNB, thus requiring standardization effort
· Introduce X2 interface for HeNB

· SON functionalities summarized in the table are already supported by the X2 interface: by introducing X2 interface for HeNB, they will be automatically available for scenarios with HeNB
· X2 interface would also be beneficial for mobility enhancements, as being discussed in [3]
Conclusion 2: Comparing the two options, it is more benefical to support SON functionalities for HeNB by introducing the X2 interface for HeNB
Proposal 2: We propose to enable the SON use cases by including the X2 interface for HeNBs. 

3.
Conclusions

We propose to extend support for above mentioned SON use cases and solutions to the following scenarios:
-
 eNB to HeNB interaction and vice versa 
· HeNB to HeNB interaction – primarily intended for enterprise environments.

Proposal 1: We propose to extend the support SON use cases and solutions to HeNB.
Proposal 2: We propose to enable the SON use cases by including the X2 interface for HeNBs. 
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