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1 Introduction
According to RAN2 agreements, both dual connectivity UP architecture 1A and 3C are selected as the solutions. This paper tries to identify the basic signalling required to support the dual connectivity.
2 Discussion
The X2 AP dual connectivity functions is used to establish, maintain and release of a UE context at the SeNB for dual connectivity which mainly includes:
·    SeNB Addition: this functionality is used to add a new SeNB to offload some data for MeNB for dual connectivity.
·   SeNB Release: this functionality is responsible to manage the release of UE specific context at the SeNB for dual connectivity. It may be triggered by MeNB or SeNB.
·   SeNB Modification: this functionality is used to modify UE related context at SeNB for dual connectivity. It may be triggered by MeNB or SeNB.
2.1 SeNB Addition
SeNB Addition procedure should only be triggered by MeNB. The whole procedures are given in the Annex G.1 of [1].
2.1.1 SeNB Addition

The X2 AP SeNB Addition procedure is depicted in the Figure 1.
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Figure 1: SeNB addition procedure

The SeNB Addition procedure is used to add a new SeNB to support dual connectivity. The MeNB makes the decision to offload some data to an SeNB based on measurement report and RRM information, and triggers the SeNB Addition procedure by issuing an SeNB ADDITION REQUEST message to the SeNB. For 1A, MeNB may propose data forwarding to SeNB in the message.
Admission Control may be performed by the SeNB depending on the received E-RAB QoS information. SeNB may admit this request and provide the related RRC parameters for MeNB via SeNB ADDITION RESPONSE, or reject by SeNB ADDITION FAILURE. For 1A, SeNB may include UL/DL GTP Tunnel Endpoint for data forwarding in the response message.
In this procedure, the offloaded RAB and QoS related parameters are indicated to SeNB, based on which SeNB decides the RRC configuration for Uu interface.  The GTP tunnel is also setup in this procedure.
The detailed IEs/sub-IEs of the messages are listed in Table 1.
Table 1: SeNB ADDITION REQUEST/RESPONSE/FAILURE IEs
	SeNB ADDITION REQUEST
	Description

	Message Type
	

	MeNB UE X2 AP ID
	This IE is assigned by MeNB and is used to identify the X2-AP message of this UE.

	Cause
	This IE indicates the reason for SeNB addition.

	Target SeNB Cell ID
	If there are multiple cells in SeNB, this IE is used to identify a cell to offload the data.

	UE Context Information
	

	>SeNB UE-AMBR
	This IE is assigned by MeNB. SeNB used it to control the total data rate. 
Note: The IE may only exist for 1A. UE-AMBR shall be modified by MeNB for 1A.

	> UE Security Capabilities
	The IE is only for 1A. FFS.

	> AS Security Information
	The IE is only for 1A. FFS.

	>Subscriber Profile ID for RAT/Frequency priority
	FFS. The IE may be needed for RRM in SeNB.

	E-RABs To Be Setup Item
	This IE includes all the RABs that are offloaded by SeNB.

	> E-RAB ID
	

	> E-RAB Level Qos Parameters
	

	>> QCI
	This IE is same as that in MeNB. SeNB should consider the Xn delay when it compute the delay budget.

	>> Allocation and Retention Priority
	This IE is same as that in MeNB.

	>> GBR QoS Information
	For 1A, this IE is same as that in MeNB; for 3C, this IE may be different with that in MeNB. 

	>MeNB UL GTP Tunnel Endpoint
	This IE is only for 3C in which SeNB transmits uplink data to this GTP tunnel endpoint in MeNB.

	>SGW UL GTP Tunnel Endpoint
	This IE is only for 1A in which SeNB transmits uplink data to this GTP tunnel endpoint in SGW.

	>DL Forwarding
	This IE is only for 1A to indicate the E-RAB is proposed for forwarding of downlink packets.

	MeNB To SeNB Transparent Container
	This IE includes some RRC parameters that will affect the RRC parameter determination in SeNB.


	SeNB ADDITION RESPONSE
	Description

	Message Type
	

	MeNB UE X2 AP ID
	This IE is same as that in SeNB ADDITION REQUEST.

	SeNB UE X2 AP ID
	This IE is assigned by SeNB and is used to identify the X2-AP message of this UE.

	SeNB UE-AMBR
	If SeNB does not accept the SeNB UE-AMBR assigned by MeNB, this IE should be applied to indicate the SeNB decision to MeNB.

	E-RABs Admitted List
	This IE is for every E-RAB that SeNB will offload.

	>E-RAB ID
	

	>SeNB DL GTP Tunnel Endpoint
	This IE is for both 1A and 3C. In 1A, SGW will transmit downlink data to this GTP tunnel endpoint. In 3C, MeNB will transmit downlink data to this GTP tunnel endpoint

	>UL GTP Tunnel Endpoint for data forwarding
	The IE is only for 1A to be used for forwarding of UL PDUs in X2 from MeNB to SeNB.

	>DL GTP Tunnel Endpoint for data forwarding
	The IE is only for 1A to be used for forwarding of DL PDUs in X2 from MeNB to SeNB.

	E-RABs Not Admitted List
	A value for E-RAB ID shall only be present once  in E-RABs Admitted List IE and in E-RABs Not Admitted List IE.

	SeNB To MeNB Transparent Container
	This container includes the RRC parameters for the offloading E-RAB, and some others, for example, the dedicated preamble.

	Criticality Diagnostics
	The IE is for diagnostics


	SeNB ADDITION FAILURE
	Description

	Message Type
	

	MeNB UE X2 AP ID
	This IE is assigned by MeNB and is used to identify the Xn-AP message of this UE.

	Cause
	The cause of failure

	Criticality Diagnostics
	The IE is for diagnostics


2.2 SeNB Modification
The purpose of SeNB Modification procedure is to modify configuration in the SeNB, e.g. RRC parameters. UE context, or add/remove a new Scell.  This procedure could be triggered by the MeNB and the SeNB.

2.2.1 SeNB Modification (SeNB trigger)
The X2 AP SeNB Modification procedure is depicted in the Figure 3.
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Figure 3: SeNB Modification Request procedure (SeNB triggered)
·    If the SeNB decides to modify its own configuration, the SeNB initiates the SeNB Modification Request procedure by sending SeNB MODIFICATION REQUEST message towards the MeNB. 
·   The MeNB triggers SeNB Modification procedure (MeNB triggered).
The detailed IEs of SeNB MODIFICATION REQUEST message is as following:

Table 3: SeNB MODIFICATION REQUEST IEs
	SeNB MODIFICATION COMMAND
	Description

	Message Type
	

	MeNB UE X2 AP ID
	This IE is same as that in SeNB ADDITION REQUEST.

	SeNB UE X2 AP ID
	This IE is assigned by SeNB and is used to identify the X2-AP message of this UE.

	Cause
	This IE indicates the reason for SeNB Modification.

	SeNB UE-AMBR
	If SeNB does not accept the SeNB UE-AMBR assigned by MeNB, this IE should be applied to indicate the SeNB decision to MeNB.

	E-RABs To Be Release 
	1A only. SeNB may decide to release one of E-RAB.

	>E-RAB ID
	

	>DL Forwarding
	This IE is only for 1A to indicate the E-RAB is proposed for forwarding of downlink packets.

	SeNB To MeNB Transparent Container
	This container includes the RRC parameters for the offloading E-RAB, and some others, for example, the dedicated preamble.


2.2.2 SeNB Modification (MeNB trigger)
The SeNB Modification Request procedure is initiated by the MeNB to request a change of the SeNB configuration or add/remove more E-RAB to the SeNB and compromises the following steps as shown in the Figure 4:

·   The MeNB sends the SeNB Modification Command message to the SeNB;

·    The SeNB responds SeNB Modification Complete message to MeNB in case of successful operation and SeNB Modification Failure message in case of failure operation.
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Figure 4: SeNB modification procedure (MeNB trigger)
The detailed IEs of SeNB MODIFICATION COMMAND/COMPLELE/FAILURE message is as following:

Table 4: SeNB MODIFICATION COMMAND/COMPLELE/FAILURE message
	SeNB MODIFICATION COMMAND
	Description

	Message Type
	

	MeNB UE X2 AP ID
	This IE is assigned by MeNB and is used to identify the X2-AP message of this UE.

	SeNB UE X2 AP ID
	This IE is assigned by SeNB and is used to identify the X2-AP message of this UE.

	Cause
	The reason for SeNB Modification

	Updated UE Context Information
	

	>Updated SeNB UE-AMBR
	This IE is assigned by MeNB. SeNB used it to control the total data rate.

Note: The IE may only for 1A. UE-AMBR shall be modified by MeNB for 1A.

	>UE Security Capabilities
	The IE is only for 1A. FFS.

	>AS Security Information
	The IE is only for 1A. FFS.

	>Subscriber Profile ID for RAT/Frequency priority
	FFS. The IE may be needed for RRM in SeNB.

	E-RABs To Be Setup Item
	This IE includes the new E-RAB that are offloaded by SeNB.

	>E-RAB ID
	

	>E-RAB Level Qos Parameters
	

	>>QCI
	This IE is same as that in MeNB. SeNB should consider the Xn delay when it compute the delay budget.

	>>Allocation and Retention Priority
	This IE is same as that in MeNB.

	>>SeNB GBR QoS Information
	For 1A, this IE is same as that in MeNB; for 3C, this IE may be different with that in MeNB. FFS

	>MeNB UL GTP Tunnel Endpoint
	This IE is only for 3C in which SeNB transmits uplink data to this GTP tunnel endpoint in MeNB.

	>SGW UL GTP Tunnel Endpoint
	This IE is only for 1A in which SeNB transmits uplink data to this GTP tunnel endpoint in SGW.

	>DL Forwarding
	This IE is only for 1A to indicate the E-RAB is proposed for forwarding of downlink packets.

	E-RAB Modify List
	To support the modification of already established E-RAB configurations in SeNB.

	>E-RAB ID
	

	>E-RAB Level Qos Parameters
	

	E-RAB To Be Released List
	Release the resources for the indicated E-RABs in SeNB.

	>E-RAB ID
	

	>UL GTP Tunnel Endpoint for data forwarding
	The IE is only for 1A to be used for forwarding of UL PDUs in X2 from MeNB to SeNB.

	>DL GTP Tunnel Endpoint for data forwarding
	The IE is only for 1A to indicate that whether DL data forwarding is applied.

	>Cause
	

	MeNB To SeNB Transparent Container
	This IE includes RRC Container.


	SeNB MODIFICATION COMPLETE
	Description

	Message Type
	

	MeNB UE X2 AP ID
	

	SeNB UE X2 AP ID
	

	E-RABs Admitted List
	

	>E-RAB ID
	

	>SeNB DL GTP Tunnel Endpoint
	

	>UL GTP Tunnel Endpoint for data forwarding
	The IE is only for 1A to be used for forwarding of UL PDUs in X2 from MeNB to SeNB.

	>DL GTP Tunnel Endpoint for data forwarding
	The IE is only for 1A to be used for forwarding of DL PDUs in X2 from MeNB to SeNB.

	E-RABs Not Admitted List
	

	>E-RAB ID
	

	E-RAB Modify List
	

	>E-RAB ID
	

	E-RAB Failed to Modify List
	

	E-RAB Release List
	

	> E-RAB ID
	

	>UL data forwarding
	The IE is only for 1A to indicate that whether UL data forwarding is applied.

	>DL data forwarding
	The IE is only for 1A to indicate that whether DL data forwarding is applied.

	E-RAB Failed to Release List
	

	Criticality Diagnostics
	


	SeNB MODIFICATION FAILURE
	Description

	Message Type
	

	MeNB UE X2 AP ID
	

	Cause
	

	Criticality Diagnostics
	


2.3 SeNB Release
The SeNB Release procedure is used to remove all UE individual context and radio resource in SeNB. This decision may be based on MeNB’s decision, e.g. RRC Measurement Report, on the other side, this decision may also be made by SeNB, and for example, when SeNB finds the air condition is not good any more, e.g. radio link failure in SeNB. 
2.3.1 SeNB Release (MeNB triggered)
The MeNB triggering SeNB release procedure is in following figure:
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Figure 5: SeNB Release procedure (MeNB triggered)
The MeNB initiates the SeNB Release procedure by sending the SeNB RELEASE COMMAND towards the SeNB. The SeNB should release all related UE context and radio resource. The SeNB confirms the SeNB Release activity with the UE RELEASE COMPLETE message.

Following is the detail IEs of SeNB RELEASE COMMAND/COMPLETE message:

Table 5: SeNB RELEASE REQUEST/RESPONSE content

	SeNB RELEASE COMMAND
	Description

	Message Type
	

	MeNB UE X2 AP ID
	This IE is assigned by MeNB.

	SeNB UE X2 AP ID
	This IE is assigned by SeNB.

	Cause
	The reason for SeNB Release

	E-RAB To Be Released List
	

	>E-RAB ID
	

	  >UL GTP Tunnel Endpoint for data forwarding
	The IE is only for 1A to be used for forwarding of UL PDUs in X2 from SeNB to MeNB.

	>DL GTP Tunnel Endpoint for data forwarding
	The IE is only for 1A to be used for forwarding of DL PDUs in X2 from SeNB to MeNB.


	SeNB RELEASE COMPLETE
	Description

	Message Type
	

	MeNB UE XnAP ID
	This IE is assigned by MeNB.

	SeNB UE XnAP ID
	This IE is assigned by SeNB.

	E-RAB Released List
	

	>E-RAB ID
	

	>UL data forwarding
	The IE is only for 1A to indicate that whether UL data forwarding is applied.

	>DL data forwarding
	The IE is only for 1A to indicate that whether DL data forwarding is applied.

	SeNB To MeNB Transparent Container
	Includes RRC related configuration release.

	Criticality Diagnostics
	


2.3.2 SeNB Release Request (SeNB triggered)
The SeNB Release Request procedure is initiated by SeNB for SeNB internal reasons (e.g. RLF in SeNB) and comprises the following steps:
· The SeNB sends the SeNB Release Request message to MeNB.

· The MeNB triggers the SeNB Release procedure (MeNB triggered).
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Figure 6: SeNB Release procedure (SeNB triggered)

 The IEs of SeNB Release Request messages are given in the Table 6:
Table 6: SeNB RELEASE REQUEST Message

	SeNB RELEASE REQUEST
	Description

	Message Type
	

	MeNB UE X2 AP ID
	This IE is assigned by MeNB.

	SeNB UE X2 AP ID
	This IE is assigned by SeNB.

	Cause
	The reason for SeNB Release


2.4 SeNB Configuration Confirm

In the TR 36.842 [1], there are two open issues in the overall signalling scheme for SeNB Addition and SeNB Modification for dual connectivity:

·    It is FFS the order of the RRC Connection Reconfiguration Complete message (steps 8) and the synchronization procedure (step 9). 

·    Depending on the decision on the order of RRC reconfiguration and synchronisation or on the support of synchronisation, step 10 might be either necessary as described above or in the reverse direction (from MeNB to SeNB).

A common procedure SeNB Configuration Confirm can be used to confirm the complete of SeNB Addition and SeNB Modification. The detailed discussion on the direction of the procedure is given as R2-140059[2].
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Figure 7: SeNB addition complete

The detailed parameters of SeNB ADDITION COMPLETE are listed in following table.

Table 6: SeNB ADDITION COMPLETE IEs
	SeNB ADDITION COMPLETE
	Description

	Message Type
	

	MeNB UE X2 AP ID
	This IE is assigned by MeNB.

	SeNB UE X2 AP ID
	This IE is assigned by SeNB.


3 Conclusion

In this paper, the detailed parameters of SeNB Addition/Modification/release message are introduced. Based on the discussion, it is proposed to include above procedure into the specifications.
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