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1 Introduction
In the last RAN2#83 meeting, it was agreed to use Control Plane option C1 as baseline for dual connectivity. In this contribution, we provide more detailed signaling procedure in SCell addition/removal/reconfiguration based on C1 control plane architecture. 
2 Discussion
In order to consider the detailed signaling procedure related to SCell management, there are some points to consider. 

· Who initiates SCell related procedure?

· SCell addition: it is clear that only MeNB can initiate SCell addition procedure because 1) MeNB receives measurement reporting on the candidate neighboring cells, 2) MeNB is aware of UE capability information and 3) MeNB receives E-RAB QoS information from MME. SCell addition can be triggered when one neighbouring cell becomes good in channel quality or a new E-RAB is established and one neighbouring cell is good enough to support the new E-RAB.   
· SCell modification: either MeNB or SeNB can trigger SCell modification. One use case that MeNB triggers SCell modification is when the E-RAB associated with SCell is modified. Since S1-MME is connected to MeNB only, MeNB is responsible for handling E-RAB Modify request or E-RAB release message. Therefore, if there is any change in RAB associated with the SCell, MeNB triggers SCell modification. SeNB triggers SCell modification if it needs to change radio resource configuration due to change of channel situation or other reason. 
· SCell release: either MeNB or SeNB can trigger SCell release. MeNB triggers SCell release if the channel quality of SCell becomes poor or E-RAB is released. SeNB triggers SCell release if it detects SCell radio link failure.
Observation 1. SCell addition is triggered by MeNB only, while SCell modification/release can be triggered by either MeNB or SeNB. 
· Would MeNB be allowed to change the radio resource configuration determined by the SeNB? 
· For the radio resource related to UE configuration, there would be no impact on MeNB resource configuration as long as radio resource configuration meets UE capability provided by the MeNB. Therefore, it is not likely that the MeNB changes the configuration from the SeNB. Consequently, further Xn-AP signaling on resource configuration is not required. If the resource configuration determined by the SeNB does not meet UE capability, the MeNB may consider it as misconfiguration. 
Observation 2. It is not likely that the MeNB changes radio resource configuration from the SeNB provided that the SeNB properly allocates radio resource. 

· How is radio resource configuration of SCell provided by SeNB to MeNB (via RRC IE's or by XnAP IE's)?
· This question is somewhat related to the above issue whether the MeNB can change radio resource configuration and/or there are parameters of SCell determined by the MeNB. If it is unlikely, the radio resource configuration can be provided by SeNB via an encapsulated RRC IE. This approach is beneficial in minimizing standards effort for Xn-AP signaling. It is our understanding that the MeNB can decode RRC IE message.   Although RRC IE is sent from the SeNB, it should be further investigated whether the MeNB sends radio resource configuration of SCell by directly sending RRC IEs generated by the SeNB (similar to HO command) or by reusing the current SCell configuration structure. We should first identify new parameters to support dual connectivity on top of SCell configuration in LTE REL-10 CA. If change is small, it is preferred to reuse SCell configuration defined in LTE Rel-10 CA. 
Observation 3.  Provided that MeNB does not change radio resource configuration of SCell, RRC IE based approach requires less efforts in Xn-AP interface. 
· Is there any other impact on signaling procedure depending on user plane architecture? 
· In case of UP option 1A, S1-U is terminated in SeNB. With SCell addition/release, MeNB should indicate the change of S1-U connection which is similar to PATH SWITCH REQUEST in handover procedure. 
· In case of UP option 1A and 2A, PDCP is located in SeNB. If there is on-going radio bearer during SCell addition/release, SN Status Transfer is required to avoid missing PDCP PDUs in the buffer.  

Observation 4. PATH SWITCH REQUEST or SN Status Transfer signaling is required if user plane option 1A or 2A are introduced.  

3 Detailed signaling flow
In this section, we illustrate detailed signaling flow for each SCell related procedure. It is noted that signaling procedure which is affected by user plane option (e.g. SN Status Transfer or Path Switch Request) are not considered in this contribution.
SCell addition
SCell addition procedure is shown in Figure 1. 
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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. 
· Once MeNB decides to add SCell, MeNB sends SCell addition request to SeNB. Similarly to HO procedure, 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 also 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.
· This message informs the MeNB if the addition was successful or unsuccessful
· Admission Control may be performed by the SeNB dependent on the received E-RAB QoS information, in order to decide if the resources can be granted by the SeNB. In the case of successful SCell addition, the SeNB can allocate resources to the UE, and the SeNB indicates positive acknowledgement in the SCell addition ACK, together with the radio resource allocation information. In the case of unsuccessful SCell addition, the SeNB rejects the request with a negative acknowledgement.
· 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
· The UE receives RRCConnectionReconfiguration message and applies SCell addition accordingly.
· Rel-10 CA signaling can be easily reused. On top of that, further information may be introduced for dual connectivity e.g. security algorithm identifiers if independent PDCP is located in the small cell, and dedicated RACH preamble for the small cell.
· 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 when the UE completes SCell addition procedure, 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. 

SCell modification
SCell modification procedure is shown in Figure2. 
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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.   
· 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
· In case of step 1b, the step 2 is skipped. 

· 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.
· 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  

· Different from SCell addition, there is no need to establish timing synchronization because timing synchronization is already maintained. However, in order to indicate that the UE completes RRC reconfiguration for SCell modification, it may be necessary to perform random access but it requires downlink signaling for RAR (random access response) which is unnecessary for synchronized serving cell and will be wasteful. In this case, it may be considered that the MeNB sends the indication via Xn signaling or synchronization handling may not be required. 
· This step can be used to confirm that the MeNB successfully receives and accept SCell Modificaiton Req from SeNB in SeNB triggering procedure.
SCell release
SCell release procedure is shown in Figure 3. 
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Figure 3: SCell release procedure
· Step 1: SCell release Req
· 1a: SCell release is triggered by the MeNB. The MeNB provides the updated information e.g. modified E-RAB or updated UE capability information.   
· 1b: SCell release is triggered by the SeNB. The SeNB provides the modified radio resource configuration. 

· Step 2: SCell release ACK
· In case of step 1b, the step 2 is skipped. 

· No radio resource information would be included. 
· Step 3: RRCConnectionReconfiguration
· MeNB sends RRCConnectionReconfiguration message to the UE. 
· If the UE receives RRCConnectionReconfiguration message and applies SCell release accordingly.
· Step 4: RRCConnectionReconfigurationComplete
· The UE sends RRCConnectionReconfigurationComplete message to the MeNB.
There is no problem even if the SeNB does not know right after SCell is released because the SeNB is not likely to schedule the SCell when the SeNB decides to release it. Therefore, there is no special handling required for synchronization in case of SCell release.
4 Conclusion

In this document, we discuss the further details on signaling procedure regarding SCell management. 
Proposal 1: RAN2 to discuss and take the following observations into account in the decision for signaling procedure.
Observation 1: SCell addition is triggered by MeNB only, while SCell modification/release can be triggered by either MeNB or SeNB. 

Observation 2: It is not likely that the MeNB changes radio resource configuration from the SeNB provided that the SeNB properly allocates radio resource.
Observation 3: Provided that MeNB does not change radio resource configuration of SCell, RRC IE based approach requires less efforts in Xn-AP interface.
Observation 4: PATH SWITCH REQUEST or SN Status Transfer signaling is required if user plane option 1A or 2A are introduced.
Proposal 2: RAN2 to capture signaling flows described in Section 3 into TR 36.842 [2].
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