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1 Introduction

This paper aims to provide some analysis of solution 1A on the message flows and impacts from the RAN3 point of view.
2 Discussion
For solution 1A, all the possible signalling can be divided into:

· Xn signalling, which is used to undertake the management tasks between MeNB and SeNB. 
· S1 signalling, which is used to manage the S1-U between S-GW and MeNB/SeNB.
According to the possible Xn function presented in [1], Xn signalling can be further grouped according to its functionality:
· SeNB management
· E-RAB management between MeNB and SeNB

· UE context management between MeNB and SeNB

· RRC management  procedure

· Mobility of MeNB

· SN status transfer

Hereafter, we elaborate and illustrate these signalling flows in all possible scenarios. In current stage, we only focus on the successful operation cases. The abnormal cases or failure cases are not considered in this paper temporarily.
2.1 Xn signalling

2.1.1 SeNB management
It is used by MeNB to manage SeNB, including:

· SeNB addition, which is used to add a new SeNB for dual connectivity

· SeNB removal, which is used to remove the SeNB and quit dual connectivity. It can be initiated by MeNB or SeNB.
· SeNB change, which is used to change the current SeNB to another SeNB with MeNB unchanged. It can be initiated by MeNB or SeNB.
	Elementary procedures
	Signaling Flow
	Description

	SeNB addition
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	X2 Handover procedure can be reused, where:

· A new handover type is introduced.

· No direct Complete message to SeNB

· A success indication is used  to indicate that SeNB is ready

	SeNB removal
(MeNB initiated)
	Option 1:
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	· A Request sent by MeNB is used to trigger the SeNB to organize the ACK msg.

	
	Option 2:
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	· A new single indication will be sent to SeNB for removal preparation.

· X2 UE context release can be reused to indicate removal complete.

	SeNB removal
(SeNB initiated)
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	· A new message is used to request MeNB to execute the removal.

· X2 UE context release can be reused to confirm the removal.

	SeNB change

(MeNB initiated)
	Option 1:
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	· This can be completed by using the SeNB addition and SeNB removal procedure

	
	Option 2
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	· MeNB trigger the old SeNB to move all of the context and E-RABs to new SeNB..

	SeNB change

(SeNB initiated)
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	· More like MeNB initiated SeNB change, in addition to a query procedure toward MeNB in advance.


2.1.2 E-RAB management

It is used by MeNB to manage the E-RABs on MeNB and SeNB, including:

· E-RAB modification, which is used by MeNB to modify the E-RABs on SeNB. 
· E-RAB Switching, which is used to switch E-RABs between MeNB and SeNB. It can be initiated by MeNB or SeNB, and can be triggered by MeNB and SeNB.
· E-RAB release, which is used to release the E-RABs on SeNB.
	Elementary procedures
	Signaling Flow
	Description

	E-RAB modification
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	· A new procedure, more like S1 E-RAB modification.


	E-RAB switching

(SeNB initiated)
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	X2 HO can be reused, where:

· A new handover type is introduced.

· SeNB should obtain permission from MeNB first.

(Used to switch E-RAB from SeNB to MeNB)

	E-RAB switching

(MeNB initiated)
	Option 1:
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	X2 HO can be reused, where:

· A new handover type is introduced.

· No direct Complete message to SeNB

· A success indication is used  to indicate that SeNB is ready

(Used to switch E-RAB from MeNB to SeNB)

	
	Option 2:
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	Like SeNB initiated switching, which is triggered by MeNB.

(Used to switch E-RAB from SeNB to MeNB)

	E-RAB release
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	Like S1 E-RAB release procedure.


2.1.3 UE context management

It is used to manage the context on SeNB, including:

· UE context modification, which is used by MeNB to modify the UE context on SeNB.
· UE context release, (TBD) which is used to release the UE context on SeNB.
	Elementary procedures
	Signaling Flow
	Description 

	UE context modification
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	More like S1 UE context modification, where:

· Maybe RRC connection reconfiguration of SeNB will be contained in the Response

	UE context release
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	Can Reuse X2 UE context release. 

(It is less likely to use this procedure.) 


2.1.4 RRC management
It is used to modify the RRC connection on MeNB and/or SeNB, including:

· RRC reconfiguration, which can be initiated by MeNB or SeNB.
	Elementary procedures
	Signaling Flow
	Description

	RRC reconfiguration

(MeNB initiated)
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	A new negotiation procedure is performed before MeNB decide the modification.

MeNB may use this procedure to trigger the reconfiguration of SeNB.

	RRC reconfiguration

(SeNB initiated)
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	If the SeNB can’t decide if the new SeNB configuration has conflict with MeNB, a Request should be sent for the MeNB’s configuration.


2.1.5 Mobility
It is used to complete the mobility between source MeNB and target MeNB, including:

· Handover, during which the SeNB maybe or maybe not removed.
	Elementary procedures
	Signaling Flow
	Description

	Handover

(with SeNB removal)
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	X2 HO can be reused, except for a SeNB removal in the beginning.

	Handover

(Without SeNB change)
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	X2 HO can be reused, except for a notification to SeNB during the handover and end of the handover.


2.1.6 SN status transfer
It is used to transfer the uplink/downlink PDCP SN and HFN status in mobility, which is used during SeNB management, E-RAB management and mobility procedures.
	Elementary procedures
	Signaling Flow
	Description

	SN status transfer
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	X2 SN status transfer can be reused.


2.2 S1 signalling

Since that only one S1- MME connection terminating at the MeNB per UE, the MME will only see the MeNB and it will act as normal in most scenario. Solution 1A may only influence the S1 signalling in :

· Path Switch Request/ACK, which is used to update the DL IP address and TEID of E-RABs on MeNB and SeNB, and (TBD) update the UE security context. 

	Elementary procedures
	Signaling Flow
	Description

	Path switch
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	The application scenario of this procedure should be extended.


3 Conclusion
During the analysis, a dozen elementary procedures are introduced. Thereinto, the procedures over Xn can be classed into three groups based on the similarity to existing X2 signalling.
	Impact
	Class
	Procedures

	Low
	The procedures can be totally reused the current X2 signalling.
	SN status transfer

UE context release

	Medium
	The procedures can be reused the current X2 signalling, with some enhancement.
	SeNB addition

SeNB removal(SeNB initiated)

SeNB change(MeNB initiated)

SeNB change(SeNB initiated)
E-RAB switching(SeNB initiated)

E-RAB switching(MeNB initiated)

Handover(with SeNB removal)

Handover(Without SeNB change)

	High
	New procedures that never used on X2.
	SeNB removal(MeNB initiated)

E-RAB modification

E-RAB release
UE context modification

RRC reconfiguration(MeNB initiated)

RRC reconfiguration(SeNB initiated)


Furthermore, the impacts on CN are further analyzed in [2].
Based on above, we would like to propose:

Proposal 1:  If Xn interface functions is built on top of X2, some new procedures should be introduced inevitably. 

Proposal 2: All the abovementioned procedures should be captured in the TR 36.842.
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