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1. Introduction

In last RAN3 meeting, X2 availability of HNB were discussed but without conclusion. The existence of the X2 will have effect on the auto configuration of HNB e.g. when and how to establish the X2 interface.  This contribution gives the benefits and drawbacks of X2 and hope RAN3 can have a conclusion on this.
2. Discussion
2.1 The functions of X2 interface

· Mobiltiy 

X2 handover can be used when UE moves to/from HNB.  Handover preparation and data forwarding throught X2 are more efficient than S1.

· RRM

· UE history information

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. RAN3 agreed that some UE history information is transferred between the eNBs during mobility.
· Load information exchange

         Inter-cell load management in e-UTRAN shall be performed through the X2 interface.

2.2 Scenarios should be considered

The following scenarios should be analyzed case by case when talking about if X2 interface is available or not.

· HNBs in Residential 
· HNB and macrio eNB 

· Cluster of HNBs in residential (users can mutual access in two families) or enterprise

2.2.1 HNBs in normal residential case

This is the “classical” Home-eNB deployment. A private person installs a HNB in his private rooms/house where connectivity is provided via an xDSL backhaul; it is assumed that the installation shall be done by the private owner. He and his family members would be allowed on the CSG cell, but also (temporary) access might be granted to visitors. 
For the classical Home-eNB deployment case, the capacity of the HNB is small (e.g. 1…5). Users in two familay can’t access mutually. Handover is not required between the two HNBs. Exchange of history information has no meaning in this case. We are not sure if load information transfer for HNB is important or not. For this aspect, we should wait for RAN1 and RAN4 opinion.
	 
	Case 1 with X2 interface
	Case 1 without X2 interface

	MME involvement for mobility procedures
	Unchanged                                (+)
	Unchaged                                            (+)
Since MME should be able to treat S1 handover for the case without X2 for macro eNB. This means not functionality but only capacity issue. This is almost the same with having X2 interface case.

	Performance in mobility
	(0)

Handover to another neighboring HNB is not permited in normal case.
	(0)

Handover to another neighboring HNB is not permited in normal case.

	RRM functionalities for Home eNB
	UE history information               (0)

Inter-cell load management       (+)
	UE history information                          (0)

No inter-cell load management              (-)

	MME complexity
	             (0)
	                                                              (0)
The MME complexity is not improved.

	Home eNB complexity
	Many SCTP connections to handle X2 interfaces                            (-)
	No SCTP connection to handle X2 interfaces                                            (+)

	SON
	Not changed                               (0)
It is FFS if SON of HNB and macro eNB is totally the same.
	Minor Changed                                   (0)
Not give HNB the neighbouring HNBs’ address from O&M. This small change can be igored.

	Security relation
	(-)

Security relation should be assured.
	(+)

	Standardization efforts
	Unchanged                                (0)
	Unchanged                                         (0)
No new function or mechanism are introduced


Figure 1 Pros and cons of having the X2 interface for Home eNB Case 1
From above table, we can see that the only cons of without X2 intercace compared with having X2 is no inter-cell load management. If this is not important factor, we can go for without X2 solution for normal HNB in residual case. 
Or the load information exchange can be handled by O&M. This means HNB send Load Information to O&M. Then O&M may transmit this kind of information to the neighboring HNBs. 
If Load information exchange is important for RAN1 and RAN4 and it is not possible to be finished by O&M, then we can go for with X2 solution.

2.2.2 HNB and macro eNB

This situation is more like scenario 1. The installation shall be done by the private owner. The main difference with case 1 is shown in blue. A big macro can have many home-eNB’s in its coverage area. The HNBs will be power on/off frequently. Then the macro eNB should manage many SCTP connection and setup/release frequently. This is a big bad effect to macro eNB.
	 
	Case 1 with X2 interface
	Case 1 without X2 interface

	MME involvement for mobility procedures
	Unchanged                                (+)
	Unchaged                                            (+)

Since MME should be able to treat S1 handover for the case without X2 for macro eNB. This means not functionality but only capacity issue. This is almost the same with with X2 interface case.

	Performance in mobility
	(-)

This is FFS. If the HNB are connected to different MME with macro, the handover has to go for S1 even with X2. 
	(-)

S1 handover

	RRM functionalities for Home eNB
	UE history information               (0)

Inter-cell load management       (+)
	UE history information                          (0)

No inter-cell load management              (-)

	MME complexity
	             (0)
	                                                              (0)

The MME complexity is not improved.

	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
	Changed                                   (0)
HNB and macro SON may be different (FFS)
	Minor Changed                                   (0)

	Security relation
	(-)

Security relation should be assured.
	(+)

	Standardization efforts
	Unchanged                                (0)
	Unchanged                                         (0)

No new function or mechanism are introduced


Figure 1 Pros and cons of having the X2 interface for Home eNB Case 1
Considering the big bad effect to macro eNB, we propose there is no X2 interface between HNB and macro eNB. 
2.2.3 Cluster of HNBs in residential or enterprise

In this scenario a huge number of CSG cells are deployed specifically for a company as a campus or enterprise solution. It is assumed that the installation will be done by professionals (e.g. the staff of the operator). Some kind of planning could be assumed to ensure that overall performance of the installation. All the UEs in the company can access the entire CSG cells.The handover in one company will be very frequent. In this case, the existence of X2 can reduce the handover delay. Load information exchange is important to make CSG cells work harmonizly.
	 
	Case 3 with X2 interface
	Case 3 without X2 interface

	MME involvement for mobility procedures
	Unchanged                                (+)

The capacity benifit is obvious than case 1 since the X2 message will go directly through company internal network.
	Unchaged                                            (+)

Since MME should be able to treat S1 handover for the case without X2 for macro eNB.

	Performance in mobility
	(+)


	(-)

Handover prepration and data forwarding can’t go through X2

	RRM functionalities for Home eNB
	UE history information               (0)

Inter-cell load management       (+)
	UE history information                          (0)

No inter-cell load management              (-)

	MME complexity
	             (0)
	                                                              (0)

MME capacity is not a problem considering small number of UEs in HNB

	Home eNB complexity
	Few SCTP connections to handle X2 interfaces                            (-)
	No SCTP connection to handle X2 interfaces                                            (+)

	SON
	Minor Changed                                   (0)
To check HNBs in the same CSG
	Minor Changed                                   (0)
To treat the restriction

	Security relation
	(-)

Security relation should be assured.
	(+)

	Standardization efforts
	Unchanged                                (0)
	Unchanged                                         (0)

No new function or mechanism are introduced


Figure 2 Pros and cons of having the X2 interface for Home eNB Case 3
The drawbacks of with X2 interface:
· Few SCTP conections to management. The number of HNBs in one company is not so huge. The number of SCTP connection is manageable compared with macro eNB. 

· Security relation should be assured. Since eNB is the last mile, the security issue is existed even for macro eNB. SA3 has proposed a SI to investigate HNB security. Security issue can not be a problem at last.
The drawbacks of without X2 interface:

· Pefermance of mobility. The UE handover in one company will be very frequent. Mobility pefermance should be an important feature to be evaluated.
· No inter-cell load information management.

From above analysis, we can see the cons of with X2 interface can be solved and will be surely solved without big effort. But the disadvantages of without X2 interface means performances degrade. 

Therefore we propose to have X2 interfaces for Cluster of HNBs in one CSG.
3. Proposal

Samsung propose to discuss the X2 interface issue case by case and to have a conclusion on each scenario. 
4. References
[1]   TR R3.020 Technical Specification Group Radio Access Network; Home (e)NodeB; Network aspects; 
[2]   TS 23.401 Technical Specification Group Services and System Aspects; GPRS enhancements for E-UTRAN access 
[3]
 R3-071359, "X2 availability for HNB configuration", Samsung, August 2007
[4] R3-071816, “Need for an X2 interface for Home eNB” Orange, October 2007
[5] R3-071851, “X2 availability for HNB CSG” Samsung, October 2007
