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1. Introduction

As part of RAN3#57 meeting and as summarized in [1], RAN3 came to the conclusion that there was no reason identified to establish X2 interface connectivity between Home eNBs or between LTE Home eNB and macro eNBs for handover signaling. However, it was mentioned that the usage of X2 interface handover signaling for scenarios like "campus" and/or "office" deployments is still FFS. Lastly RAN3 asked RAN4 and RAN1 about potential RRM related functionality that would require signaling over interface(s) between Home eNB(s) or between macro eNBs and Home eNBs.

The purpose of this document is to clarify the advantages and drawbacks related to the removal of the X2 interface for Home eNB deployments.

2. Role of the X2 interface
The main generic functions of the X2 interface are reviewed in this section before presenting the pros and cons of removing it for Home eNB deployments.

2.1 Mobility [2]
2.1.1 X2 control plane
The most important X2-CP mobility functions for UE in LTE_ACTIVE are:

· Context transfer from source eNB to target eNB,

· Control of user plane tunnels between source eNB and target eNB,

· Handover cancellation.

2.1.2 X2 user plane

The most important X2-U mobility functions for UE in LTE_ACTIVE is the data forwarding that aims at supporting seamless/lossless service.
2.2 RRM

2.2.1 UE history information [3]
One other main advantage of the X2 interface deals with RRM. As highlighted as part of RAN3#56 meeting in [4], a problem in a distributed architecture is that the eNB coverage is small and moving UEs will be handed over between eNBs frequently. Then, to ensure multi-vendor consistency, it is beneficial to have some knowledge in the eNB about previous UE mobility and activity history, i.e. information about the UE before it entered in this eNB. It was agreed by RAN3 that some UE history information is transferred between the eNBs during mobility. A number of management tasks can benefit from knowing about previous UE mobility and activity in earlier cells. Below are some just examples:

· Knowing when to ask the CN to release a UE could be based on information on recent mobility and activity, making it possible to release UEs that are inactive and/or moving

· DRX configuration might be based on the recent activity level of the UE, allowing for longer DRX periods for inactive UEs

· Handovers decisions can also be based on recent mobility and activity of the UE.

· E.g. when to move between micro and macro cells

· E.g. when to add network controlled hysteresis in order to avoid unnecessary toggling

2.2.2 Inter-cell load management [2]
Lastly, it was also agreed that inter-cell load management in e-UTRAN shall be performed through the X2 interface. In case of variation in the load condition, the eNB signals the new load condition to its neighbour eNBs e.g. the neighbour eNBs for which an X2 interface is configured due to mobility reasons.

2.3 SON

The involvement of the X2 interface to support eNB measurements that enable SON functionalities in a multi-vendor environment, needs to be further discussed. However, SON use cases implying low latency requirements may imply the involvement of the X2 interface.
3. Impact of the X2 interface removal
3.1 Mobility

It is already agreed in LTE stage 2 [2] that handover intra-LTE handovers without EPC change can occur even when no X2 interface is available. Then, the required signaling (HANDOVER REQUIRED, HANDOVER COMMAND…) to perform the handover is conveyed by S1 interfaces. The exact procedure is being defined.
3.1.1 MME involvement
The obvious impact of performing S1-based intra-LTE handovers rather than X2-based intra-LTE handovers is an increased involvement of the MME as part of the global handover procedure. Some procedures are no longer supported in a distributed way. Thus, the X2 interface removal increases the processing capacity requirements for the MME.
3.1.2 Performances
Another important aspect to consider is the possibility to support seamless and lossless handovers for handovers implying Home eNB accordingly to high-level mobility requirements that are defined in TS36.300:

"The system shall support handover between CSG Cells and any eNodeB (E-UTRAN) or RNC (UTRAN) or BSS (GERAN) or with another CSG Cell of the same or different CSG."

Basic handover procedures for macro eNB will be based on X2. By removing the X2 interface, S1-based intra-LTE handovers are possible only. An accurate comparison between S1-based and X2-based handover procedures is necessary in order to ensure that the same quality of experience is provided for handovers between CSG cells or between CSG cell and macro cell when comparing to the basic procedure for macro cells. If this is not the case, then an evaluation of the degradation shall be performed.

3.2 RRM

As mentioned in [4], the mass deployment of Home eNB will generate huge RRM, interference management and UE measurement and reporting. In that sense, X2-RRM functionalities could be essential for Home eNB. As an example, without macro eNB allowing a master control over the Home eNB or at least a RRM and interference control between a macro eNB and a set of Home eNB inside the macro layer coverage with a random location, the interference management in the same frequency could become very complicated. The removal of the X2 interface for Home eNB may even be more problematic when considering multi-vendor scenarios. In addition, not using an X2 interface for Home eNB would prevent RRM implementations from benefiting of UE history information. Lastly, not using the X2 interface for Home eNB would prevent from implementing inter-cell load management for Home eNB.
3.3 Node complexity

3.3.1 MME

The removal of the X2 interface for Home eNB will increase the MME involvement in mobility procedures and will thus increase its requirement in terms of processing capacity. Not using X2 interface for Home eNB will not have any impact on the number of S1-MME interfaces to be supported by the MME.

3.3.2 Macro eNB
Not establishing any X2 interface between Home eNB or between Home eNB and macro eNB would be beneficial for macro eNB. Indeed, hundreds of Home eNB may be connected to macro eNB. As noticed in [6], this implies the management of hundreds of SCTP connections for the macro eNB and increase the complexity of macro eNB. Additionally, a maintenance operation that would require switching off a macro eNB would trigger the simultaneous reconfiguration of high number of Home eNB.
3.3.3 Home eNB
The removal of the X2 interface for Home eNB is not considered to be a significant simplification for the Home eNB as the number of X2 SCTP connections that it has to support is supposed to be very limited.
3.3 SON

Even if no agreement has been reached yet about the involvement of the X2 interface to support SON functionalities, information exchange on the X2 at least between Home eNB and the neighbor macro eNB(s) could be useful for some SON functionalities such as interference management, load balancing, handover parameter optimization… In that sense, the removal of the X2 interface for Home eNB may be limiting regarding SON functionalities. Lastly, the X2 interface may also be beneficial for self-configuring functionalities but this question requires further investigations.
3.3 Standardization efforts

As explained in [7], one first approach for Home eNB standardization could consist of considering Home eNB as a conventional eNB. Taking such assumptions could relax the need for cumbersome specification work related to Home eNB. This is not the case when considering mobility aspects, as S1-based handover procedure is being defined. However, the limitations presented in previous sections (RRM, SON,…) may lead to increased standardization efforts when willing to enable the same functionalities without X2 involvement.
4. Conclusion

This paper presented the main advantages and drawbacks of removing the X2 interface for Home eNB. Some identified pros and cons are summarized in the next table: 
	 
	Home eNB with X2 interface
	Home eNB without X2 interface

	MME involvement for mobility procedures
	Unchanged
	Increased regarding macro eNB case

	Performance in mobility
	Unchanged
	Need for further study (for both interruption time and SDU loss aspects)

	RRM functionalities for Home eNB
	Unchanged
	- Threat for multi-vendor aspects interoperability
- No UE history information
- No inter-cell load management

	MME complexity
	Unchanged
	Higher processing capacity are needed

	Macro eNB complexity
	Hundreds of SCTP connections to handle X2 interface
	No SCTP connection to handle X2 interfaces

	Home eNB complexity
	Few SCTP connections to handle X2 interfaces
	No SCTP connection to handle X2 interfaces

	SON
	Unchanged (further study is needed)
	Limitations may happen for Self-optimization and self-configuring functions involving the X2 interface (further study is needed)

	Standardization efforts
	Unchanged
	Increased standardization efforts may be needed because of previous limitations


Figure 1 Pros and cons of removing the X2 interface for Home eNB
Constraints and open issues related to X2 interface removal for Home eNB have been presented. Hence, it is proposed that RAN3 further investigates issues that are highlighted in this document (namely mobility performance, multi-vendor RRM functions for Home eNB, MME complexity, SON functionalities) before agreeing on the potential removal of the X2 interface for Home eNB.
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