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1. Introduction
In RAN2#81 meeting, many companies offered the definition of dual connectivity and various potential dual connectivity solutions as given in [1] and [2]. Based on the definition from TS36.300, functions for RRM (Radio Resource Management) include RBC (Radio Bearer Control), RAC (Radio Admission Control), CMC (Connection Mobility Control), DRA (Dynamic Resource Allocation) in both uplink and downlink (scheduling), ICIC (Inter-cell Interference Coordination), LB (Load Balance) and so on. Based on the potential dual connectivity architectures of User-plane [2], there are two connections to both Macro Cell and Small Cell. In order to ensure the efficient use of the available radio resources in both macro cell and small cell while utilizing two connections for data transmission, the architectures and functions of RRM should be further analyzed. Furthermore, as the architecture and functions of RRM determines the control signalling of realizing these RRM functions, the Control-plane architecture (which is designed for the control signalling transmission) should be discussed after/along with the discussion of the architecture and functions of RRM (or the allocation of RRM as described in [1]). In this contribution, we analyze the potential architecture for each RRM function based the User-plane architectures of dual connectivity.
2. Discussion
According to the discussion in RAN2 #81, there are two typical User-plane architectures for dual connectivity as shown below：
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Figure 1 Two typical User-plane architectures
According to 36.300 [3], there are two main RRM architectures for each RRM function (which can be used for the dual connectivity architectures shown above):
· Centralised RRM: For a certain RRM function, there is only one RRM at the Macro cell eNB. 
· De-Centralised RRM: For a certain RRM function, there are two independent RRM for the Macro cell eNB and the Small cell eNB. Or there are two RRMs at both the Macro eNB and the Small cell eNB (or Local eNB), but the RRM of the Macro eNB takes the primary/central control or manages the co-operation between Macro eNB RRM and Small cell eNB RRM.
Below we analyze every RRM function that exists in above two dual connectivity architectures.
1. CMC
Based on the definition from TS36.300, Connection mobility control (CMC) is concerned with the management of radio resources in connection with idle or connected mode mobility. In idle mode, the cell reselection algorithms are controlled by setting of parameters (thresholds and hysteresis values) that define the best cell and/or determine when the UE should select a new cell, and these parameters are broadcast through BCCH. As dual connectivity only concerning with the connections for RRC_CONNECTED UE, the CMC function for IDLE UE has no need to be discussed here.
In connected mode, a dual connectivity UE is required to support the mobility of radio connections, handover decisions which may be based on UE and eNB measurements. In addition, handover decisions may take other inputs, such as neighbour cell load, traffic distribution, transport and hardware resources and Operator defined policies. As assistant information, such as neighbour cell load or traffic distribution etc, can be transported between macro cell and small cell, just like current X2 signaling, and operator defined policies also can be configured in Macro cell beforehand, then the macro eNB can have a more general view on the status of all the small cell under the macro coverage.  As such a Centralised CMC at the macro eNB seems to be beneficial than a De-Centralised CMC with which each small cell eNB only takes the CMC decision based on its own neighbors.
Observation 1: It seems beneficial to have a Centralised CMC in macro eNB.
2. RBC
Radio bearer control (RBC) involves the establishment, maintenance and release of Radio Bearers, when having requirement to set up a radio bearer in small cell. RBC takes responsible for assigning associated resource based on the overall resource situation in small cell, the QoS requirements of in-progress sessions and the QoS requirement for the new sessions, and then signals related configuration information to the UE.  As the many inputs of RBC are cell-specific and change quite dynamically, the small cell eNB should handle many of the inputs by its own. However, considering the dual connectivity architecture given above, there should be a centralized control responsible for RBs management in macro cell eNB, as the macro eNB can coordinate the establishment, maintenance and release of Radio Bearers between small cells and between small cell and macro cell. Thus the RBC function is distributed in Macro cell eNB and Small cell eNB, but Macro cell eNB takes primary function. Considering the RRC connections:
Alternatively, the RRC for dual connectivity UE may partly locate at small cell, this part of RRC mainly is responsible for radio bearer management in small cell. like alt 3 in [1], however,  more change to RRC protocol need to be introduced for this option, such as defining new SRB, or introducing new identification mechanism for same SRB.
Observation 2: RBC function will exist in both Macro cell eNB and Small cell eNB, but Macro cell eNB takes primary responsibility.
3. DRA

For the RBs in small Cell of a dual connectivity UE, dynamic resource allocation (DRA) or packet scheduling (PS) are primary task of MAC entity in small cell, including resource blocks allocation and the selection of the radio bearer packets, meanwhile also taking into account the QoS requirements, the channel quality information for UEs, buffer status, interference situation, etc. thus, these functions apparently should be placed at small cell. Of course, for the RBs and SRBs in Macro cell eNB, Macro cell eNB take responsible for corresponding DRA.  
Observation 3: DRA function is distributed in different eNBs for different RBs.
4. RAC
For the establishment of new RBs in Small cell for a dual connectivity UE, the small cell eNB takes responsible for admission control for these RBs based on the priority levels and the provided QoS of in-progress sessions and the QoS requirement of the new radio bearer request. If they cannot meet corresponding QOS requirements, they will be rejected. Then radio admission control (RAC) for RBs in small Cell primarily locate at Small cell eNB, accordingly RAC for RBs in Macro cell locate at Macro cell eNB.
Observation 4: RAC function is distributed in different eNBs for different RBs.
5. ICIC

Inter-cell interference coordination for co-channel scenario is inherently a multi-cell RRM function that needs to take into account information (e.g. the resource usage status and traffic load situation) from multiple cells. Somewhat differently, with dense small Cells deployment, more signaling needs to be exchanged between Small Cell and Macro cell to reduce interference. Both the frequency domain ICIC and the time domain ICIC can be applied for dual connectivity UE with co-channel scenario, such as within the coverage of Small cell, PRB or subframe utilization across different cells need to be coordinated in frequency or time through backhaul signaling, additionally with CRE and ABSs (Almost blank subframes) in a macro cell which are used to protect resources in subframes in the small cell receiving strong inter-cell interference. Thus, this part of ICIC task should be shared by both Macro cell and Small cell for co-channel scenario, and the key responsibility can be taken by Macro cell.
For Scenario #2 (Separate carrier with macro coverage) [5], with dense small cells deployment, the inter-cell interference issue mainly means inter-cell interference coordination between small cells with same frequency, and more signaling carrying OI, HII or RNTP information needs to be exchanged between Small cells. Thus, this part of ICIC task should be separately placed in Small cells. However, different non-ideal backhaul characteristic between small cells should be taken into account when considering the ICIC function split for this Scenario, if the signaling between small cells will experience longer latency, the utilization efficiency of radio resource at edge of small cells can be greatly reduced. Thus more efficient coordination mechanism needs to be considered for this Scenario.
Observation 5: The Inter-cell interference coordination task for co-channel scenario would be coordinated by both macro and small cell eNB.
6. LB

Load balancing has the task to handle uneven distribution of the traffic load over multiple cells. For dual connectivity UE, since CMC and RBC tasks are primarily handled in Macro cell, it seems beneficial to place LB task between Macro cell and small cell in Macro cell, i.e. based on distribution situation of the traffic load, integrate with utilization situation of radio resources, Macro cell eNB can timely perform data bearers split or combination operation between Macro cell and small cell.
Additionally, in some cases the LB task between small cells at edge of small Cells also needs to be coordinated by Macro cell eNB, i.e. as a centralized node Macro cell have knowledge of distribution situation of the traffic load over all small cells under its coverage, so it can efficiently redistribute traffic load between Small cells. Please see Figure 2 as shown below:
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Figure 2 Load balancing for Small Cell enhancement
Small Cell A and B are highly loaded cells, but Small Cell C is an underutilized cell. Based on the distribution situation of the traffic load of these small cells, Macro cell eNB may redistribute part of traffic load of Small Cell B to Small Cell C, and then shift some traffic load of Small Cell A to Small Cell B, thus the traffic load for whole system can be improved as much as possible.
Observation 6: It seems beneficial to have a Centralized LB in macro cell eNB.
7. Others

For dual connectivity UE, other RRM functions like Radio Link Monitoring (RLM) function may be different from single connectivity UE. For example, if there is a RLF (Radio Link Failure) occurring in small cell, the corresponding enhancements may be needed, in order to reduce the impacts on the user experience or the system performance. More details on the analysis of RLM for dual connectivity can be found in [5]. 
Based on the analysis given above, RAN2 should decide which RRM architecture will be used while discussing the potential architecture solutions.
Proposal 1: We propose to discuss the RRM architectures for potential dual connectivity solutions based on the Observations.
3. Conclusion
In this contribution, we analyze RRM issues for two typical dual connectivity options, and some observations have been provided as follows:
Observation 1:  It seems beneficial to have a Centralised CMC in macro eNB.
Observation 2:  RBC function will exist in both Macro cell eNB and Small cell eNB, but Macro cell eNB takes primary responsibility.
Observation 3:  DRA function is distributed in different eNBs for different RBs.

Observation 4:  RAC function is distributed in different eNBs for different RBs.

Observation 5:  The Inter-cell interference coordination task for co-channel scenario would be coordinated by both macro and small cell eNB.

Observation 6:  It seems beneficial to have a Centralized LB in macro cell eNB.
Based on the Observations, we have the following proposal: 
Proposal 1: We propose to discuss the RRM architectures for potential dual connectivity solutions based on the Observations given above.
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