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1 Introduction
In the last RAN2 #83bis meeting, the following agreements on control plane architecture were reached [1]:  
	Agreements
1
The MeNB maintains the RRM Measurement configuration of the UE and may, e.g. based on received measurement reports or traffic conditions or bearer types, decide to ask an SeNB to provide additional resources (serving cells) for a UE. 

2
Upon receiving the request from the MeNB, an SeNB may create the container that will result in the configuration of additional serving cells for the UE (or decide that it has no resource available to do so). 

3
MeNB and SeNB exchange information about UE configuration by means of RRC containers (inter node messages) carried in Xn messages. 

4
The SeNB may initiate a reconfiguration of its existing serving cells (e.g. PUCCH towards the SeNB, …)
FFS whether the MeNB requests the SeNB to release a serving cell for one of its UEs and the SeNB creates a container that will result in the release of a serving cell. Or whether the MeNB can by itself release a serving cell maintained by the SeNB. 
6
The MeNB does not change the content of the RRC Configuration provided by the SeNB. 
It is FFS whether the MeNB needs to comprehend or may reject the RRC Container received from the SeNB)

FFS how MeNB and SeNB “share” e.g. the L1 processing capabilities


In this contribution we outline RAN3 impacts of these agreements as well as additional functionality required to support dual connectivity.
2 Discussion

Xn vs. X2

In the small cell architecture which is currently being discussed in RAN2 and RAN3 Xn interface between Master eNB (MeNB) and Secondary eNB (SeNB) should be defined to facilitate dual connectivity functionality. This new interface will be used, for example, by MeNB to request or modify resources from SeNB. From the network architecture point of view there are two options to implement this functionality:

1. Define new Xn interface

2. Re-use existing X2 interface, i.e. specify additional functionality required to support dual connectivity in X2AP

It should be noted that new functionality of Xn is mostly UE-associated, however if new interface is to be defined it will also require non UE-associated signalling. Moreover, since not all UE are expected to support Release-12 dual connectivity, it is safe to assume that X2 will always be used between MeNB and SeNB in addition to Xn. Based on these observations it seems more efficient to specify required functionality as an extension of X2AP rather than using new interface.
Proposal 1: It is proposed to specify functionality required to support dual connectivity as an extension of X2AP.

Signalling flow

Based on the current RAN2 agreements Xn should support the following functionality:
1. SCell addition
2. SCell modification

3. SCell release

Signaling flow for these procedures is illustrated below.

SCell addition
SCell addition procedure is shown in Figure 1 below. 
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Figure 1: SCell addition procedure
· Step 1: SCell Addition Req
· The MeNB triggers SCell addition when a new candidate cell is reported or a new radio bearer is established. 

· The MeNB provides necessary information e.g., UE S1 EPC signalling context reference (if independent PDCP is configured in SeNB), target cell ID, KeNB* (if S1 based UP architecture is supported), RRC context including the C-RNTI of the UE, AS-configuration, E-RAB context.  
· Based on the information received in this message, the SeNB performs admission control and decides on radio resource allocation for the UE if the UE is admitted. 

· Step 2: SCell Addition Ack
· The SeNB sends the SCell addition ACK to the MeNB.
· Admission Control may be performed by the SeNB based on the received E-RAB QoS information
· The MeNB may reject SCell addition request, for instance if admission control is not passed, by sending SCell Addition Failure.
· Step 3: RRCConnectionReconfiguration
· For the case of successful SCell addition, the MeNB will configure the newly added SCell resources to the UE by sending an RRCConnectionReconfiguration message.
· Step 4: RRCConnectionReconfigurationComplete
· After applying the new configuration, the UE sends RRCConnectionReconfigurationComplete message to the MeNB.

· Step 5: Synchronization

· This step can be performed in parallel with step 4. In order to let SeNB know the exact timing of the SCell addition procedure completion, it is necessary for the UE to indicate the timing to SeNB.  Since PRACH can be sent on SCell to support multiple TAG in Rel-11 CA, it is natural that PRACH can be used to indicate that the SCell is added. 

Step 6- step 9 are applicable for UP option 1A.  These steps may be initiated after the MeNB receives RRCConnectionReconfigurationComplete message. 

· Step 6; SN status Transfer

· Similar to HO, MeNB sends the SN status transfer message to the SeNB to convey the uplink PDCP SN receiver status and the downlink PDCP SN transmitter status of E-RAB(s) switched to the SeNB. 

· Step 7: Data forwarding 

· Data is forwarded from the MeNB to the SeNB. 

· Step 8: Path switch request

· The MeNB sends a Path switch request to MME to inform that the corresponding E-RAB is served by the SeNB. 

· Step 9: Path switch request ACK

· The MME confirms the Path switch request message with the Path switch request acknowledgement. 

Step 10 is applicable for UP option 3C. This step also may be initiated after the MeNB receives RRCConnectionReconfigurationComplete message.

· Step 10: PDCP PDU fowarding

· For the RB mapped to SeNB, the MeNB forward PDCP PDU. The data forwarding in step 9 is temporary for the PDCP PDUs buffered in MeNB before path switching happens, while the data forwarding in step 10 is continuous as long as the UE is connected to the SeNB. 

SCell modification
SCell modification procedure is shown in Figure 2 below.
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Figure 2: SCell modification procedure
· Step 1: SCell Modification Req
· 1a: SCell modification is triggered by the MeNB. The MeNB provides the updated information e.g. modified E-RAB or updated UE capability information to be coordinated [3].   
· 1b: SCell modification is triggered by the SeNB. The SeNB provides the modified radio resource configuration in SCell modification Req message. 

· Step 2: SCell Modification Ack
· 2a: the SeNB modifies the radio resource configuration according to the information provided by the MeNB or internal decision. The SeNB sends the modified radio resource configuration information to the MeNB.

· 2b: MeNB sends SCell Modification Ack to indicate whether the MeNB receives SCell Modification Req. This step can be skipped if step 5 is supported to indicate the completion of overall SCell modification procedure
· Step 3: RRCConnectionReconfiguration
· The UE receives RRCConnectionReconfiguration message and applies SCell modifcation accordingly.
· Step 4: RRCConnectionReconfigurationComplete
· The UE sends RRCConnectionReconfigurationComplete message to the MeNB.

· Step 5: SCell modification completion  

· This step can be used to confirm that the MeNB successfully receives and accept SCell Modificaiton Req in case of SeNB triggering procedure. SCell Modification Ack message may be re-used instead of a new SCEll Modification Completion.
SCell release
SCell release procedure is shown in Figure 3 below. 
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Figure 3: SCell release procedure
· Step 1: SCell Release Req
· 1a: SCell release is triggered by the MeNB based on e.g. measurement or the corresponding E-RAB change/release. 
· 1b: SCell release is triggered by the SeNB based on e.g. channel status, radio link problem, or the corresponding E-RAB change/release. 

· Step 2: SCell release ACK
· 2a: SeNB sends SCell release ACK to confirm SCell release request but no radio resource information would be included.

· 2b: MeNB sends SCell release ACK to confirm SCell release request from SeNB. 
· Step 3: RRCConnectionReconfiguration
· MeNB sends RRCConnectionReconfiguration message to the UE. 
· The UE receives RRCConnectionReconfiguration message and applies SCell release accordingly.
· Step 4: RRCConnectionReconfigurationComplete
· The UE sends RRCConnectionReconfigurationComplete message to the MeNB.
Step 5-9 are applicable for UP option 1A. Step 5-6 may be initiated after SCell release ACK by the SeNB and step 8-9 may be initiated after the MeNB receives RRCConnectionReconfigurationComplete message.

· Step 6; SN status Transfer

· Similar to HO, SeNB sends the SN status transfer message to the MeNB to convey the uplink PDCP SN receiver status and the downlink PDCP SN transmitter status of E-RAB(s) switched to the MeNB. 

· Step 7: data forwarding 

· Data is forwarded from the SeNB to the MeNB. 

· Step 8: Path switch request

· The MeNB sends a Path switch request to MME to inform that the corresponding E-RAB is served by the MeNB. 

· Step 9: Path switch request ACK

· The MME confirms the Path switch request message with the Path switch request acknowledgement. 

Analysis
Based on the above analysis the following Xn UE-associated control messages are required to support dual connectivity:
1. SCell addition: SCell Addition Req, SCell Addition Ack, SCell Addition Failure
2. SCell modification: SCell Modification Req, SCell Modification Ack, SCell Modification Failure, SCell Modification Completion (optionally)
3. SCell release: SCell Release Req, SCell Release Ack
Proposal 2: It is proposed to agree the above functionality and X2AP messages to support dual connectivity.
3 Conclusion

In this document, we analyze Xn functionality required to support dual connectivity. It is proposed to agree the following: 
Proposal 1: It is proposed to specify functionality required to support dual connectivity as an extension of X2AP.

It is further proposed to agree X2AP messages described in section 2.2.4 above.

Proposal 2: It is proposed to agree X2AP messages described in section 2.2.4 to support dual connectivity.
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