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1. Introduction
In RAN2#103bis meeting, simultaneous connectivity with both the source cell and the target cell during HO was discussed. Following FFS issues were identified for further discussion. 
=>	Use the protocol stack comparison in this contribution as baseline for further discussions between the split bearer and non-split bearer solutions.
=>	We should discuss the security key aspects more when we discuss the details of the solutions.
=>	Consider how to do reordering in non-split case
=>	FFS whether single or dual RRC (and e.g. whether we have 1 or 2 S1-C connections) is considered (S1-C would affect also RAN3)
=>	FFS how duplication is considered (depending on solution details)
Up to now, there is no common understanding on what ‘dual RRC’ exactly means. So it should be clarified first before considering its necessity. In this contribution, we first clarify our understanding on dual RRC and then justify it by potential benefits and certain deployment scenarios. 
2. Discussion
In current LTE, the UE only has one RRC connection with the network and C-RNTI is used as the unique identification for identifying the RRC connection.  Furthermore, there is only one S1-MME connection per UE. In LTE for UE in CONNECTED mode, one RRC connection and one S1-MME connection per UE is a basic principle applied in all the RRC procedures, no matter whether UE is configured with CA or DC, in normal reconfiguration procedure or in HO procedure. 
Observation 1: For UE in CONNECTED mode, there is only one RRC connection and only one S1-MME connection per UE. 
For the WI of ‘even further Mobility enhancement in E-UTRAN’, simultaneous connectivity with both source cell and target cell during HO should be supported to reduce the user data interruption. The question was raised whether dual RRC is needed. In section 2.1, we explain our understanding on dual RRC from different aspects. 
2.1 Dual RRC
Single S1-C or Dual S1-C
In our understanding, the objective of the WI is to reduce the user data interruption during HO by RAN solutions. It is not intended to impact CN and S1 procedures and signalling.  There is no clear benefit to justify the necessity of dual S1-C and both RAN3 and CT1 needs to be involved for the evaluation. Furthermore, user data interruption during HO can be reduced even with single S1-C connection. 
[bookmark: OLE_LINK25][bookmark: OLE_LINK26]One benefit of single S1-C is that the existing path switching and BEARER modify procedure in the phase of HO completion can be reused. E.g. the target eNB sends a PATH SWITCH REQUEST message to MME to inform that the UE has changed cell. The MME sends a MODIFY BEARER REQUEST message to the Serving Gateway. The Serving Gateway switches the downlink data path to the target side. Then the Serving Gateway sends a MODIFY BEARER RESPONSE message to MME. the MME confirms the PATH SWITCH REQUEST message with the PATH SWITCH REQUEST ACKNOWLEDGE message. If there were two S1-C connections during HO, it will be very complicated on how to do the path switch. 
Proposal 1: There is only one S1-C for simultaneous connectivity HO. 
Proposal 2: The path switching and BEARER modify procedures in HO complete phase can be reused for simultaneous connectivity HO. 
Tentative dual RRC 
Under the assumption that there is only one S1-C, the dual RRC is considered as a tentative RRC status from UE aspect when simultaneous connectivity with both the source cell and the target cell exists.  From RRC aspect, dual RRC starts when the connection with the target cell is established, i.e. upon transmission of RRCConnectionReconfigurationComplete and ends when the connection with source cell is released. 
During the email discussion [104#61][LTE/feMOB], two group of solutions, i.e. single active protocol stack and dual active protocol stacks at a time were identified. Since there is only one protocol stack in the solutions of single active protocol stack, dual RRC is only possible for dual active protocol stacks. 
Observation 2: Dual RRC is a tentative status, existing in the simultaneous connectivity period with dual active protocol stacks.
Proposal 3: Dual RRC can only be considered in the solutions with dual active protocol stacks.
Proposal 4: Dual RRC begins when transmission of RRCConnectionReconfigurationComplete message to the target and ends when the connection with the source cell is released. 
RRC configuration and functions
During the simultaneous connectivity period, UE keeps two sets of RRC configurations. One is for the source cell and the other one is for the target cell. Each set of the RRC configuration includes lower layer configurations, security configurations etc. to guarantee that data transmission/reception with both the source cell and the target cell can be performed simultaneously. 
Observation 3:  In tentative dual RRC, UE keeps two sets of RRC configurations for the source cell and the target cell simultaneously.
The necessary RRC functions and procedures required at the source cell during the period of tentative dual RRC also needs to be clarified.  One necessary function is RRC connection release. In dual RRC, it allow the possibility for the source cell to release the connection with the UE directly without involvement of the target cell. For example, the source cell can send the release message directly to the UE when all the buffered data before SN status transfer is transmitted completely. UE can also release the connection with the source cell when RLF on the source cell occurs or when the DataInactivityTimer for the source cell at the UE side expires.  So the RLM/RLF and RRC connection release can be performed at the source cell during the simultaneous connectivity period. Other RRC procedures, e.g. RRM measurement and RRC reconfiguration may not be necessary. 
In order to support the RRC functions in source cell, e.g. RRC connection release, SRB1 needs to be kept with the source cell in dual RRC. However, the RRC connection with the target cell has already established and SRB1 is also required to support the RRC functions/procedures at the target side. In EN-DC, although there is only one RRC entity at the UE side, different SRB types are defined for MCG and SCG respectively, i.e. SRB1 and SRB3. In dual RRC, there is no differentiation of MCG or SCG and both SRB1 are needed to maintain the connection with the source and the target. How to differentiate the SRB1 from different cells need to be considered. One straightway is to have two RRC entities at the UE side in tentative dual RRC just as illustrated in figure 1. 


           Figure 1 CP Protocol for dual RRC
Observation 4: In tentative dual RRC, at least the RRC procedures of RLM/RLF and RRC connection release can be performed at the source cell. 
Observation 5: In tentative dual RRC, there may be two SRB1 for the source and the target cell simultaneously. 
Proposal 5: Dual RRC is characterised by the following aspects:
· UE has two RRC entities for the source cell and the target cell simultaneously;
· UE keeps two SRB1 for the RRC procedures performed with the source cell and the target cell simultaneously;
· At least the RRC procedures of RLM/RLF and RRC connection release for the source cell are performed at the RRC entity corresponding to the source cell.
2.2 Single RRC
Compared with dual RRC, single RRC is simple, which is the same as normal HO procedure. Even there is simultaneous connectivity during HO, RRC connection is switched from the source cell to the target cell upon transmission of the RRCReconfigurationComplete message. Although UE has only one RRC entity, UE also needs to keeps two sets of RRC configurations for the source cell and target cell for simultaneous transmission/reception. UE only has one SRB1 performing the RRC procedures with the target cell. In this case, if the release of the connection with the source cell is explicitly signalled, it will be the target eNB who will sends the dedicated RRC message. Different from dual RRC that the source cell can release UE connection by itself, certain coordination between the source eNB and the target eNB is required and then the connection with the source cell is released by the target side. 
Observation 6: In single RRC, the release of the connection with source cell requires some coordination between the source eNB and the target eNB and the corresponding RRC message is transmitted by the target eNB. 
2.3 Usage of Dual RRC
After clarification on single RRC and dual RRC, we should consider in which scenario dual RRC can be used and what benefit it can bring. 


 
Figure 2 Deployment with large overlapping area
In the deployment with large overlapping area, e.g. as illustrated in Figure 2, or UE is stationary or in low mobility status, it’s possible that UE can stay in dual RRC for relatively longer period. In this period, data can be transmitted through both the source cell and the target cell and the source connection will be released only when UE moves out the coverage of the source cell. Then path switch is performed to change the S1-MME termination from the source cell to the target cell.  In single RRC, the RRC connection is immediately dropped at the source cell upon the establishment of the connection with the target cell. However, it’s possible that ping-pong may occur that UE need to handover to the source cell later. The path switch can be optimized in dual RRC in the case that ping-ping occurs. Otherwise, path switch will be performed forth and back between the source cell and the target cell. If dual RRC is supported, the network have the flexibility to use single RRC or dual RRC based on the deployment scenario.
Observation 7: In the deployment with large overlapping area or when UE is in low mobility status, UE can stay in dual RRC for a long period. If HO ping-pong occurs, path switching forth and back between source cell and target cell can be avoided in dual RRC. 
Although dual RRC can bring some benefits, the complexity at both the UE and network side may be concerned, the compatibility in current LTE with single RRC entity needs to be considered. It will also introduce additional standardization effort. Considering single RRC is workable for both single active protocol stack and dual active protocol stacks, single RRC is supported as baseline. 
Proposal 6: Single RRC is considered as baseline for simultaneous connectivity HO.  


3 Conclusion
In this contribution, we clarify our understanding on dual RRC and justify its usage.  
Observation 1: For UE in CONNECTED mode, there is only one RRC connection and only one S1-MME connection per UE. 
Observation 2: Dual RRC is a tentative status, existing in the simultaneous connectivity period with dual active protocol stacks.
Observation 3:  In tentative dual RRC, UE keeps two sets of RRC configurations for the source cell and the target cell simultaneously.
Observation 4: In tentative dual RRC, at least the RRC procedures of RLM/RLF and RRC connection release can be performed at the source cell. 
Observation 5: In tentative dual RRC, there may be two SRB1 for the source and the target cell simultaneously. 
Observation 6: In single RRC, the release of the connection with source cell requires some coordination between the source eNB and the target eNB and the corresponding RRC message is transmitted by the target eNB. 
Observation 7: In the deployment with large overlapping area or when UE is in low mobility status, UE can stay in dual RRC for a long period. If HO ping-pong occurs, path switching forth and back between source cell and target cell can be avoided in dual RRC. 
Based on the observations, we propose: 
Proposal 1: There is only one S1-C for simultaneous connectivity HO. 
Proposal 2: The path switching and BEARER modify procedures in HO complete phase can be reused for simultaneous connectivity HO. 
Proposal 3: Dual RRC can only be considered in the solutions with dual active protocol stacks.
Proposal 4: Dual RRC begins when transmission of RRCConnectionReconfigurationComplete message to the target and ends when the connection with the source cell is released. 
Proposal 5: Dual RRC is characterised by the following aspects:
· UE has two RRC entities for the source cell and the target cell simultaneously;
· UE keeps two SRB1 for the RRC procedures performed with the source cell and the target cell simultaneously;
· At least the RRC procedures of RLM/RLF and RRC connection release for the source cell are performed at the RRC entity corresponding to the source cell.
Proposal 6: Single RRC is considered as baseline for simultaneous connectivity HO.  
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