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1 Introduction
From RAN2#83 meeting to RAN2#83bis meeting[1], there were intensive discussions on selection of protocol architectures for dual connectivity on Rel-12 small cell study item. As a result of those discussions, C1 and 1A/3C had been down-selected as feasible protocol architectures for control plane and user plane, respectively. In UP architecture 3C, since it is possible to provide bearer split, various RRC signalling schemes can be considered. In this contribution, we propose several signalling exchange schemes for RRC procedure in UP architecture 3C and analyze those schemes.  

2 Discussion
The RRC messages are exchanged over SRBs between the UE and the eNB by using the CCCH or the DCCH. 
SRB0 is used to exchange RRC messages on the CCCH and it is only used when a DCCH is not configured. Compared with the SRB0, SRB1 and SRB2 are used to exchange RRC messages on DCCH. The difference between SRB1 and SRB2 is that what kinds of RRC messages are exchanged, which is depends on priority of protocol messages over each SRB. In other words, the SRB1 is used to transport most of RRC messages with higher priority while the SRB2 is used to exchange RRC messages with lower priority messages such as NAS information transferring and MDT logged measurement result.
In UP architecture 3C, there may be three types of message exchange schemes for RRC procedure according to routing path between UE and MeNB as shown below. 
· Alt. 1 : MeNB only

· Alt. 2 : either MeNB or SeNB (according to radio link quality)
· Alt. 3 : both MeNB and SeNB (simultaneous transmission)
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Figure 1: Alternatives for RRC signalling
There may be two types of routing scheme for RRC procedure. The first one is a UE only use one eNB for a RRC message exchange and the second one is a UE use two eNBs simultaneously. Alt. 1 and Alt. 2 are classified as the first scheme and Alt. 3 is belongs to the second scheme. 

In Alt. 1, a RRC message exchange can be performed only on radio link between a UE and a MeNB. In Alt.2, a UE transmits and receives RRC messages over radio link of one of two eNBs. In Alt. 3, a UE simultaneously exploits radio links provided by both MeNB and SeNB for a specific RRC procedure, which means that RRC diversity can be supported in this scheme. 
For Alt.2 and Alt. 3, in order to exchange RRC messages via SeNB, Xn interface should provide a forwarding function of RRC message between MeNB and SeNB. And for those alternatives, the SeNB should have a function for SRB configuration to exchange RRC messages.
Alt. 1 : 
In this RRC signalling scheme, RRC messages are always transferred over radio link between UE and MeNB, which means that Xn interface and UP protocol at SeNB are not used for a RRC procedure.

Since there is no need to configure SRB at SeNB, it is not required to exchange the SRB configuration information over Xn. In addition, because RRC messages are transferred over direct link between the UE and MeNB, delay for RRC procedure is short compared with schemes where RRC messages are forwarded via SeNB. And since this scheme does not support simultaneous transmission, duplication detection and re-ordering are not required at receiving side. From above features, we know that there is nearly no impact on RRC specification in this option. 
In contrast with above advantages, this scheme has following drawbacks. Since this scheme does not consider a radio link quality between an eNB and a UE, there may be a possibility not to perform RRC protocol operation properly. For example, in scenario 1 described in TR36.842, when a UE is located in center of secondary cell and it has very poor link quality to MeNB, it may experience RLF due to T310 expiration, RA problem and exceeding of maximum RLC retransmission. Therefore all the scenarios described in Rel-12 small cell enhancement SI could not be covered by this scheme. In addition to that, this scheme could not improve mobility performance on account of absence of RRC diversity and it may also increase a processing load of MeNB by delegating all RRC procedures for SeNBs under its control.
Observation 1 : Assuming RRC procedure with only MeNB between UE, three may be a possibility not to cover all the scenarios considered in small cell enhancement. And it may also cause high RRC signalling load for MeNB in situation where many small cells are densely deployed.
Alt. 2 : 
In this RRC signalling scheme, RRC messages can be transferred over radio link connected to either MeNB or SeNB taking various parameters such as link quality between UE and eNBs and UE location into consideration. For this scheme, Xn interface and UP protocol at SeNB can be utilized when the SeNB is used to forward RRC messages.
Since in this scheme, the RRC procedure is performed through selection of one between two eNBs in the light of link quality, robustness of RRC procedure is increased and probability of RLF is reduced, compared with Alt. 1. Namely, in this scheme, the concern about scenario 1 can be solved by choosing proper radio link for a RRC procedure. And this scheme also has similar characteristics with regard to the duplication detection and re-ordering at receiving RRC as described in Alt. 1. 
In contrast with above benefits, this scheme has following drawbacks. When the RRC messages can be exchanged via the SeNB, it is necessary for the SeNB to configure SRBs for RRC procedure based on SRB configuration information received from MeNB. In addition that, with RRC procedure via SeNB there can be additional delay according to the forwarding of RRC messages over Xn, which may make some impact on legacy RRC specification. Regarding the mobility performance, this scheme has similar features as described in Alt. 1. 
Observation 2 : Robustness of RRC signalling can be improved through RRC procedure with selection of proper eNB accounting for radio link quality in dual connectivity architecture. 

Alt. 3 : 
In this RRC signalling scheme, RRC messages are simultaneously transferred over radio links provided by MeNB and SeNB, which can be used to enhance probability of reception for a specific RRC message. This scheme also makes use of the Xn interface and the UP protocol at SeNB for simultaneous transmission of a RRC message.  
Since in this scheme the RRC procedure is concurrently performed on both MeNB and SeNB, which can lead to a robustness of RRC procedure. In other words, as this scheme enables a UE to provide RRC diversity, mobility performance for the UE could be improved. In alt. 3, there may be two types of alternatives for providing simultaneous transmission of RRC messages. The first one is that the RRC is responsible for making redundant RRC messages and sends those messages to peer RRC. The other one is that the RRC generates only one RRC message for a transaction and it delivers the message to PDCP. Then the PDCP is responsible for simultaneous transmission of PDU containing RRC message and duplication detection for RRC diversity. The detail operation of above options for the simultaneous transmission of RRC messages is FFS.
In contrast with above advantages, this scheme has following additional considerations together with drawbacks presented in Alt. 2. The first issue is that a RRC at receiving node may receive same RRC message many times. Thus, it is necessary to perform duplication detection on receiving side without transition to abnormal state. However although same RRC message is received many times, there is no need to carry out re-ordering function on RRC, since the RRC does not have segmentation and re-assembly function. Another issue is that format of RRC message should be modified to indicate whether the message is simultaneously transmitted or not. From above description, it is obvious that this option brings about significant impact on RRC specification.
Based on above discussion, it is also desirable that the simultaneous RRC signalling should be only applied to a specific RRC procedure (e.g. handover procedure) taking its complexity of operation into consideration.
Observation 3 : Although the RRC diversity can enhance the robustness to RRC procedure in architecture with bearer split, it also cause significant impacts on RRC specification. 
3 Conclusions
This paper discusses on RRC signalling via SeNB in UP architecture 3C. According to the analysis in section 2, the observations are given as below.

Observation 1 : Assuming RRC procedure with only MeNB between UE, three may be a possibility not to cover all the scenarios considered in small cell enhancement. And it may also cause high RRC signalling load for MeNB in situation where many small cells are densely deployed.

Observation 2 : Robustness of RRC signalling can be improved through RRC procedure with selection of proper eNB accounting for radio link quality in dual connectivity architecture. 
Observation 3 : Although the simultaneous RRC signalling can enhance the robustness to RRC procedure in architecture with bearer split, it also cause significant impacts on RRC specification.  
From above observations, we have following proposals.

Proposal 1 : it is necessary to select optimal path for RRC message exchange between UE and MeNB.

Proposal 2 : Since there may be gain from RRC procedure via SeNB, RAN2 is kindly asked to discuss how to handle the RRC procedure via SeNB.

Proposal 3 : if the RRC diversity would be introduced, it should only be applied to a specific RRC procedure. 
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