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1 Introduction
After RAN2 #82 meeting, RAN2 had an email discussion to address RRC and RRM aspects on the CP architecture options C1 and C2 agreed in the RAN2 meeting [1]. In this document, in order to further compare two options, we would like to provide our view on some remaining issues, as follows: 
· Detailed RRC procedures: basic procedures were discussed during email discussion. However, some steps may be skipped or new step may be added for each specific case, for example, whether the small cell is added, modified or released. 
· Handling of RRC procedure conflict: in C2, it is possible that the UE receives two RRC messages at the same time or receives one RRC message during reconfiguration.  The detailed handling and complexity should be investigated. 
·  Synchronization: in C1, it may be necessary to introduce special handling to indicate SeNB that RRC reconfiguration is completed. Detailed synchronization scheme is FFS. 
2 RRC Procedures
In this section, we investigate RRC procedure for SCell addition, modification and release respectively. 
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 exactly same step can be applied to both C1 and C2.
· 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 S1 based UP architecture is supported), 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.  
· Step 2: SCell addition ACK
· 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. The SeNB determines the required resources according to the received E-RAB QoS information and reserves a C-RNTI.
· This step is required in both C1 and C2 but contents may be different. 
· C1: The SeNB sends the resource configuration information to the MeNB. 
· C2: The SeNB sends the encoded RRC message to the MeNB similar to HO message. 
· Step 3: RRCConnectionReconfiguration
· In both C1 and C2, MeNB sends RRCConnectionReconfiguration message to the UE. 
· The UE receives RRCConnectionReconfiguration message and applies SCell addition accordingly.
· Step 4: RRCConnectionReconfigurationComplete
· C1: The UE sends RRCConnectionReconfigurationComplete message to the MeNB.
· C2: The UE sends RRCConnectionReconfigurationComplete message to the SeNB.
Observation 1: In SCell addition, provided that synchronization can be handled by other approach, e.g., RA or activation time, the RRC procedure is the same in C1 and C2. 
SCell modification
SCell modification procedure is shown in Figure2. 
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Figure 2: SCell modification procedure
· Step 1: SCell modification Req
· The exactly same message can be applied to both C1 and C2. However this step can be skipped if SCell modification is triggered by SeNB. The SeNB may modify its own resources due to channel situation, traffic activity, loading situation, etc. 
· Step 2: SCell modification ACK
· This step is required in both C1 and C2, but contents may be different. Even though step1 is skipped, step 2 is required in C1 but step 2 may not be required in C2 if there is no impact in MeNB due to modification of SCell. In case where step1 is skipped, step2 is sent without request. Therefore, it can be considered as SCell modification indication rather than SCell modification ACK. 
· C1: The SeNB sends the resource configuration information to the MeNB.
· C2: The SeNB sends the indication that SeNB will reconfigure SCell according to MeNB’s request or it will modify the SCell. 
· Step 3: RRCConnectionReconfiguration
· C1: MeNB sends RRCConnectionReconfiguration message to the UE. 
· C2: SeNB sends RRCConnectionReconfiguration message to the UE.
· The UE receives RRCConnectionReconfiguration message and applies SCell modifcation accordingly.
· Step 4: RRCConnectionReconfigurationComplete
· C1: The UE sends RRCConnectionReconfigurationComplete message to the MeNB.
· C2: The UE sends RRCConnectionReconfigurationComplete message to the SeNB.
Observation 2: In SCell modification, the SeNB may not indicate that the SeNB modifies SCell if SCell change does not affect the MeNB in C2. In this case, C2 has smaller steps than C1. Otherwise, the same procedure can be applied to C1 and C2.  
SCell release
SCell release procedure is shown in Figure 3. 
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Figure 3: SCell release procedure
· Step 1: SCell release Req
· The exactly same message can be applied to both C1 and C2. However this step can be skipped if SCell release is triggered by the SeNB. The SeNB can decide to release SCell due to channel situation, traffic activity, loading situation, etc. 
· Step 2: SCell release ACK
· This step is required in both C1 and C2 but contents may be different. Even though step1 is skipped, step 2 is required in C1 and C2. Different from SCell modification, the MeNB should know whether the SCell is released for CA management in MeNB. 
· C1:  The SeNB sends the indication that SeNB will release SCell or requests to release SCell. 
· C2: The SeNB sends the indication that SeNB will release SCell according to MeNB’s request or the SeNB will release the SCell. 
· Step 3: RRCConnectionReconfiguration
· C1: MeNB sends RRCConnectionReconfiguration message to the UE. 
· C2: SeNB sends RRCConnectionReconfiguration message to the UE.
· If the UE receives RRCConnectionReconfiguration message and applies SCell release accordingly.
· Step 4: RRCConnectionReconfigurationComplete
· In C2, it is not possible for the UE to send complete message to SeNB because the SCell is already released. Since it is to release, the SeNB can assume that it is released if there is no activity for a certain time. 
· C1: The UE sends RRCConnectionReconfigurationComplete message to the MeNB.
Observation 3: In SCell release, the same RRC procedure can be applied to both C1 and C2 except RRCConnectionReconfigurationComplete message.
3 RRC procedure conflict in C2
In C2 option, two RRC procedures can conflict with each other if the MeNB and SeNB do not coordinate when the RRC message will be sent.  
· Approach 1: the UE performs RRC procedure in parallel. This approach is difficult if the RRC procedure requires reconfiguring the same entity, e.g., physical, MAC layer. 
· Approach 2: the UE performs one of the RRC procedures and suspends  the other RRC procedure. Figure 4 shows two possible implementation options for this approach 2. In option 1, the UE applies the second RRCConnectionReconfiguration after the first RRCConnectionReconfigurationComplete is transmitted, while in option 2, the UE applies the second RRCConnectionReconfiguration after the first RRCConnectReconfiguration is done. In both cases, it is imperative that the RRC procedure delay budget be increased at least for one of the RRC procedures. The delay can be increased more in option 1, depending on HARQ operation. In worst case, the increased delay would be the sum of 15ms (RRC processing time) and  8 * number of retransmission of RRCConnection reconfiguration.      
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Figure 4: handling of RRC procedure conflict 
Observation 4: The UE needs to handle the case where two RRC procedures collide with each other in C2.  
Observation 5:  even in C2, the reconfiguration time can be delayed if RRCConnectionReconfiguration message from MeNB and SeNB collides. The amount of delay is different depending on UE implementation on handling of RRC procedure conflict. 
4 RRC procedure synchronization in C1
As pointed out in the email discussion, synchronization issue was discussed because in C1 option, the SeNB does not know exactly when the MeNB sends the RRC message. Synchronization handling may be also different depending on each case i.e. SCell addition/modification/removal. 
Case 1: SCell addition
In Rel-11, multiple timing advanced group (TAG) is introduced to allow different uplink timing advance (TA) in multiple cells in carrier aggregation (CA). When the SCell is added and the Scell is required to use different TA, the eNB configures secondary TAG (sTAG) and triggers random access by using PDCCH order (i.e., contention free random access). The similar operation can be applied for SCell addition in dual connectivity.  However, random access on SCell in Rel-11 CA is only supported with PDCCH order transmitted on SCell. Therefore, it is not possible that SeNB sends PDCCH in order to trigger random access because the UE cannot monitor PDCCH before it is activated and Scell cannot be activated before SeNB knows the UE finished the RRC configuration including SCell addition. Instead, contention based random access can be used or dedicated preamble can be configured similar to HO. In any option, the required modification is expected to be small.  
Case 2: SCell modification 
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. The reason is that in the case of modification, the interruption due to reconfiguration delay can be minimized because the there is exiting configuration. The SeNB schedules in conservative way, i.e., schedules based on resource configuration which is common for old configuration and new configuration. 
Case 3: SCell release
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 if RRCConnectionReconfiguration is for SCell release. 
Observation 6: Synchronization impact is different in SCell addition, modification and removal.  Random access based synchronization is necessary for SCell addition. In case of SCell modification and removal, special synchronization handling may not be necessary.
5 Conclusion
In this contribution, we discussed some remaining issues and observed the following points. 
· Observation 1: In SCell addition, provided that synchronization can be handled by other approach, e.g., RA or activation time, the RRC procedure is the same in C1 and C2. 
· Observation 2: In SCell modification, the SeNB may not indicate that the SeNB modifies SCell if SCell change does not affect the MeNB in C2. In this case, C2 has smaller steps than C1. Otherwise, the same procedure can be applied to C1 and C2.  
· Observation 3: In SCell release, the same RRC procedure can be applied to both C1 and C2 except RRCConnectionReconfigurationComplete message.
· Observation 4: The UE needs to handle the case where two RRC procedures collide with each other in C2.  
· Observation 5:  even in C2, the reconfiguration time can be delayed if RRCConnectionReconfiguration message from MeNB and SeNB collides. The amount of delay is different depending on UE implementation on handling of RRC procedure conflict. 
· Observation 6: Synchronization impact is different in SCell addition, modification and removal.  Random access based synchronization is necessary for SCell addition. In case of SCell modification and removal, special synchronization handling may not be necessary.
Based on the above observation, we can conclude that there is no big difference in C1 and C2 in terms of complexity in RRC procedure and delay in reconfiguration. However, C2 would increase UE complexity because it handles RRC procedure conflicting. 
Proposal: Adopt C1 as control plane architecture for dual connectivity. 
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