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1 Introduction
In email discussion [82#17], control plane architecture for small cell enhancements was discussed. The main focus in that discussion was to make a performance comparison of Architectures C1 and C2 as captured in the TR. 

In this contribution we discuss some remaining details of control plane functionalities and also propose a way forward. 
2 Discussion
2.1 Coordination between SeNB and MeNB
In email discussion [82#17], the procedures for RRC were discussed. They are highly relevant when trying to understand the difference between Alternative C1 and C2. The email discussion focused on the reconfiguration of RRC configuration (e.g. PUCCH resources) as well as the initial configuration of the SeNB. The discussion described the minimum set of signalling messages needed for the decision and execution.

However, it can be expected that in some procedures more coordination is needed between the MeNB and the SeNB. The actual number of steps also depends on which node initiates the procedure. 

Signalling diagrams for offloading are discussed in contribution [2]. In general, RRC procedures can be divided in two categories:

· MeNB triggered procedures: Procedures triggered by upper layer, e.g., security modification, bearer QoS modification, addition of a bearer, offloading an existing bearer to the SeNB, SeNB Initial configuration,  

· SeNB triggered procedures: This can be e.g, reconfiguration of the SeNB MAC/PHY configuration such as PUCCH configuration.

If the procedure is triggered by the MeNB, then with C1 there are at least two messages needed over Xn:

1. MeNB requests to e.g. offload a bearer to the SeNB. The MeNB provides sufficient parameters (capabilities, QoS parameters, UEs RRC configuration) to the SeNB. SeNB accepts the requests and decides some RRC parameters configuration.

2. SeNB sends the RRC configuration to the MeNB which builds the final RRC message.

Also with C2, for procedures triggered by the MeNB, at least two messages needed over Xn:

3. MeNB requests to e.g. offload an bearer to the SeNB. The MeNB provides sufficient parameters (capabilities, QoS parameters, UEs RRC configuration) to the SeNB. SeNB accepts the requests and decides RRC parameter configuration.

4. SeNB sends the RRC reconfiguration to the UE and confirmation to the MeNB.

Also for the SeNB triggered procedures, both in case C1 and C2 some coordination between SeNB and MeNB is expected. Because the SeNB does not know the actual RRC configuration of the UE, this needs to be requested from the MeNB. Otherwise there is a risk that capabilities that are shared among the MeNB and SeNB are exceeded. So in total, the signalling procedure could be the following in C1 and C2.
1. SeNB decides to change physical layer parameters of the UE (e.g. the MIMO configuration). 

2. SeNB requests the current physical layer configuration of the UE from the MeNB.

3. SeNB or the MeNB decides the final configuration. Configuration is signalled from the MeNB to the SeNB.
4. In C1, MeNB sends the final configuration to the UE, In C2, the SeNB sends the final configuration to the UE.
Only in some limited cases Steps 2 and 3 can be skipped e.g. when there is no risk that capabilities are exceeded.
As can be seen, in practise, there are handshakes needed between MeNB and SeNB both for C1 and C2. Thus there cannot be big difference in signalling load on Xn or the delay in the reconfiguration.
Proposal 1 Control plane alternatives C1 and C2 have similar amount of handshakes. Thus also configuration delay and signalling load on Xn is expected to be same.
2.2 Other RRC functions
In TS 36.331, RRC functions are listed. It can be assumed that dual connectivity is used only in RRC CONNECTED mode and thus only functions related to RRC CONNECTED mode are relevant for this discussion. Main functions for the case when the UE is already in CONNECTED mode are:

1. Broadcast of system information:

2. RRC connection control:

a. Paging;

b. RRC connection mobility including e.g. intra-frequency and inter-frequency handover, associated security handling, i.e. key/ algorithm change, specification of RRC context information transferred between network nodes;
c. Establishment/ modification/ release of RBs carrying user data (DRBs);
d. Radio configuration control including e.g. assignment/ modification of ARQ configuration, HARQ configuration, DRX configuration;

e. In case of CA, cell management including e.g. change of PCell, addition/ modification/ release of SCell(s) and addition/modification/release of STAG(s);

f. QoS control including assignment/ modification of semi-persistent scheduling (SPS) configuration information for DL and UL, assignment/ modification of parameters for UL rate control in the UE, i.e. allocation of a priority and a prioritised bit rate (PBR) for each RB;
g.  Recovery from radio link failure;

3. Measurement configuration and reporting:
4. Other functions including e.g. transfer of dedicated NAS information and non-3GPP dedicated information, transfer of UE radio access capability information, support for E-UTRAN sharing (multiple PLMN identities);

In the following we will discuss some of these functions separately.
2.3 Broadcast of system information

Broadcast information carries both NAS and AS related information. For NAS related information, only MeNB information is relevant for UEs in dual connectivity as the anchor eNB holds the S1-MME connection towards the CN. For AS related information, each involved cell needs to be taken into account.

RAN2 assumes that the eNBs which support dual connectivity are capable of stand-alone operation. This means that they will broadcast system information. However for acquisition of SeNB’s System Information in dual connectivity, we see two different alternatives: 
1. UE gets System Information of SeNB with dedicated RRC signaling from the MeNB
2. UE reads System Information broadcasted from the SeNB
The first alternative is similar to Carrier Aggregation where the Pcell provides relevant System Information to the UE with dedicated RRC signaling. This solution is similar to control plane alternative C1 where the MeNB maintains the UE’s RRC context. This node then also has an overall understanding of all RRC parameters of the UE. 

The second alternative is closer to C2. This alternative could reduce the amount of dedicated signaling but requires the SeNB to always broadcast System Information. However, this would anyhow be necessary for stand alone operation. This alternative increases complexity of the UE as it needs to monitor and maintain SI of many cells. In addition, in this alternative, the UE needs to know which of the SI parameters are relevant for it so that there is no mismatch between the configuration provided by the MeNB and the SeNB. However, this solution can provide smoother System Information changes, compared to the other solution.
Even if getting System Information from the MeNB may be considered closer to C1 and getting it from the SeNB may be considered closer to C2, both solutions can work with both control plane alternatives.

Proposal 2 RAN2 should evaluate the different alternatives to provide System Information of the SeNB to the UE independent of selection of Control Plane solutions C1 and C2. 
Paging messages are monitored only in IDLE mode so they are not relevant for dual connectivity. However, if the UE needs to monitor System Information of the SeNB, then it needs to monitor paging for notifications of System Information changes. 

Proposal 3 Monitoring of the paging channel can be discussed after deciding System Information Acquisition procedure of the SeNB.
2.4 Measurements and RRC Connection mobility 
As the MeNB maintains an S1-MME interface towards the core network, it can be assumed to be main responsible for connection mobility control. Handovers to change the MeNB can follow closely the Rel-8 procedures.
It can be assumed that the UE needs to perform RSRP and RSRQ measurements both in the MeNB and SeNB. As measurement configuration is not changing often, it is reasonable to assume that this can be sent by the MeNB. 

When a certain condition is fulfilled, a measurement report is sent to the network. In C1, the measurements are processed by the MeNB and the Handover Request triggered by it. Actual message could be sent via radio resources of the MeNB or the SeNB.

Also in C2, it could be assumed that handover related measurements are centrally collected at the MeNB. The difference to C1 is that there is an additional RRC connection between the UE and the SeNB and thus there are maybe several ways how the MeNB would receive relevant measurements concerning the RRC connection of the SeNB: either directly from the UE or via the RRC connection of the SeNB. 
In C2, RRC Connection mobility could concern the SeNB connection only. But also in this case the MeNB is assumed to be the main decision entity which should issue any reconfiguration command to the UE.

Proposal 4 As the MeNB maintains the S1-MME interface, it can be considered as the main responsible for triggering HO, that is, MeNB change.  Legacy handover procedure can be followed. 
2.5 Radio link monitoring and radio link failure
One of the RRC functions is handling of Radio Link Failure (RLF). Radio Link Monitoring (RLM) is not an RRC function but closely related to RLF triggering and thus it is discussed together here. We list the following options for RLM and RLF related functions:
1. No RLM and RLF triggering related to the SeNB connection
2. Independent RLM and RLF triggering related to the MeNB and SeNB connections
3. Common/coordinated RLM and RLF triggering related to the MeNB and SeNB connections. 
In Carrier Aggregation, there is no Radio Link Monitoring of the SCell, similar to option 1. Instead, SCell additions and activations can be made based on CQI, RSRP, RSRQ, etc. However, the problem of this approach is that if the connection to the MeNB gets very poor, then the UE might trigger RLF and potentially looses the RRC connection and may go to RRC idle state even if the UE has a good connection to the SeNB. Generally, as long as the UE is reachable by RRC signalling via one of the maintained links, e.g. through the use of RRC diversity, there is no need to declare RLF.

A similar problem can be assumed for the solution where there are independent RLF triggering mechanisms with respect to the MeNB and SeNB (option 2). In dual connectivity mode, a scenario could occur where the UE has a poor link towards the SeNB while having a good link towards the MeNB. In this situation it is not reasonable to declare the RLF due to problems in one link. 
To avoid unnecessary RLFs, common RLM and RLF triggering functions should be considered as a solution (option 3). In this scheme, only when links to both eNBs fail, then RLF triggered. This kind of approach can improve mobility robustness as shown in [3]. 
Proposal 5 Consider common RLM and RLF triggering conditions for the MeNB and SeNB connections. 
3 Conclusion
In this contribution, we have further evaluated the impact of dual connectivity for different RRC functions. We have made the following proposals: 
Proposal 6 Control plane alternatives C1 and C2 have similar amount of handshakes. Thus also configuration delay and signalling load on Xn is expected to be same.
Proposal 7 RAN2 should evaluate the different solutions to provide System Information of the SeNB to the UE independent of selection of C1 and C2.
Proposal 8 Monitoring of the paging channel can be discussed after deciding System Information Acquisition procedure of the SeNB.
Proposal 9 As the MeNB maintains the S1-MME interface, it can be considered as the main responsible for triggering HO, that is, MeNB change.  Legacy handover procedure can be followed.
Proposal 10 Consider common RLM and RLF triggering conditions for the MeNB and SeNB connections. REF _Ref355803939 \h 
 REF _Ref355793184 \h 

As conclusion, we see that use cases and benefits of CP architecture C2 are limited. Because this alternative is much more complex from the UE and network point of view, it is reasonable to select C1: 
Proposal 11 Select Control Plane alternative C1 for dual connectivity
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