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[bookmark: _Ref165266342]Introduction
Dual Connectivity is being studied in RAN2 as a potential technique to achieve the following goals:
· Improving Mobility Robustness in the presence of small cells by minimizing handover failures and unnecessary handovers
· Improving per-user throughput by using radio resources from more than one cell
· Exploiting the UL/DL power imbalance in the presence of small cells by transmitting UL data preferably though small cells more efficiently
· Minimizing signalling load to core network due to frequent handovers
An email discussion has been held focusing on the options for control plane architecture and placement of control plane functionality. While it is necessary to fully study these options, it is not clear that RAN2 will be able to fully develop the details corresponding to these options without involvement from other groups such as RAN3. In this contribution we consider issues related to the control plane that can be discussed in RAN2.
Discussion
The following four control plane alternatives have been considered in the email discussion [1] (the figures and the description are copied from [1]):






· [bookmark: OLE_LINK9][bookmark: OLE_LINK10][bookmark: OLE_LINK5][bookmark: OLE_LINK6]Alt C1: A single RRC entity is maintained in the UE and the anchor eNB. RRC signaling is transmitted/received via radio resources provided by the anchor cell;
· Alt C2: A single RRC entity is maintained in the UE and the anchor eNB. RRC signaling is transmitted/received via any combination of radio resources of cells (anchor cell and/or assisting) involved in dual connectivity;
· Alt C3: A single RRC entity is maintained in the UE. Each cell involved in dual connectivity maintains an RRC entity which partly interacts with the RRC entity in the UE. For example, RRC signaling can be transmitted/received via radio recourses of the cell in which the corresponding function is maintained. For example, it could be that physical radio resource configuration related parameters for the assisting cell are controlled by and signaled from the assisting cell, whereas other parameters are controlled by and signaled from the anchor cell (see e.g. [10]).
· Alt C4: An RRC entity per each cell involved in dual connectivity is maintained in the UE and in the network. The entities can be dependent or independent of each others. The mechanism for RRC signalling transmission/reception via radio recourses of the cell could be similar with C3.
Clearly, issues related to location of RRC entities in the network and interfaces between nodes will require discussion in RAN3 and possibly other groups. Below we consider some issues that have to be tackled, assuming dual connectivity is used, regardless of which specific architectural alternative is chosen. In particular we focus on the areas of: (a) Radio link failure, (b) Maintaining up-to-date system information, (c) Handover, and (d) Measurements. We also consider support of dual connectivity in inter-frequency and intra-frequency scenarios.
Radio Link Failure
One of the primary motivations for dual connectivity is to improve mobility robustness. Having a second connection to the UE implies that even when the first radio connection has failed, the UE is still reachable. Consequently, the UE does not need to resort to cell selection – which introduces significant delay and interruption - followed by reestablishment to a new cell which does not succeed unless the cell has been prepared to receive the UE.
If the UE has a first radio connection to an “anchor” macro cell and a second radio connection to an “assisting” small cell, and the first radio connection experiences an RLF, it should be possible to send and receive RRC messages via the second radio connection. For example, the UE should be able to send measurement reports via the second radio connection. The UE should also be possible to send a reestablishment request to the assisting cell, so that the assisting cell becomes the anchor.
The MAC layer classifies traffic into different logical channels (with corresponding logical channel IDs). This allows for prioritization of different types of traffic. RRC is carried in the common control channel (CCCH). In order to be able to send and receive RRC traffic via the second radio connection, the LCID corresponding to the common control channel has to be available on the second radio connection. Based on the description, for Alternatives C2-C4 the LCID for CCCH is always available on the second radio connection. If Alternative C1 is chosen, it may be necessary to pre-configure an LCID for CCCH on the second radio connection.
Proposal 1: When the link to the anchor eNB experiences an RLF, it should be possible to send and receive RRC messages on the second radio connection.
Given the architectural choices under consideration, if the second radio connection experiences an RLF, nothing special is needed.
Maintaining Up-to-date system information
It has been agreed in RAN2#81bis that the assisting eNB is a fully functional eNB and can serve as a PCell to other UEs. Thus, the assisting eNB has its own system information that is broadcast and updated according to LTE Release 11 procedures. In general, in order to utilize resources of a particular cell it is necessary to have up-to-date system information of the cell.
The following three options can be considered for ensuring that the UE has up-to-date system information of the assisting eNB:
1. The system information of the assisting eNB is provided via the anchor eNB.
2. The UE acquires system information of the assisting eNB on its own and also tracks changes of system information of the assisting eNB (and updates system information when a change is indicated).
3. The UE acquires system information of the assisting eNB on its own at the time of establishment of the second connection. Subsequently, the anchor eNB indicates changes in system information of the assisting eNB (so UE does not have to monitor for changes of system information on assisting eNB).
In our view, the second and third options impose some additional complexity due to having to monitor system information change on two cells. These options would also require RAN2 to address other issues related to acquisition of updated system information when a change is indicated (e.g., transmission of some SIBs from the two cells may overlap in time and the UE may be able to receive a SIB from only one of the two cells at any given time).
The first option is aligned with what is done for carrier aggregation. For the dual connectivity discussion, the primary difference compared to the carrier aggregation scenarios is that there isn’t a fast X2 connection between the anchor and the assisting eNBs. However, this is not expected to make a significant difference for transferring the necessary system information from the assisting eNB to the anchor eNB. Furthermore, given that system information changes are very infrequent, such transfer of system information between cells would be very infrequent.
Proposal 2: The anchor eNB provides relevant system information for accessing the assisting eNB and for maintaining the connection to the assisting eNB.
Handover
One of the primary motivations of dual connectivity is to improve mobility performance by reducing handover failures. Given that there are two radio connections to the UE it is possible to maintain one radio connection when a handover needs to be performed on the other radio connection. If the handover fails, the connection can be recovered using the second radio connection, or the assisting eNB can be made the anchor eNB. This may also have the benefit of reducing or eliminating any user plane interruption due to handover.
Proposal 3a: It should be possible to change the assisting eNB without changing the anchor eNB.
Proposal 3b: It should be possible to change the anchor eNB without changing the assisting eNB.
Measurements
In order to perform a handover between macro cells, it is necessary to identify and report macro cells that are better than the serving macro cell. Similarly, in order to perform a handover between small cells, it is necessary to identity and report small cells that are better than the serving small cell. 
Alternatives C1-C4 make different architectural assumptions. However, from the point of view of the UE, it is important to adhere to the following principles:
1. Regardless of the architectural assumptions, the measurements made by the UE should be useable for either radio connection (for purposes of measurement reporting, handover decisions, etc). That is, it should not at all be necessary for the UE to make measurements of the same cells/frequencies separately for the two radio connections. We therefore think that it is preferable to have a single set of measurement objects and measurement quantity configurations. 
2. Measurement reporting procedures should ensure that the UE does not send the same measurements to the different nodes in different measurement reports. Obviously, this problem does not arise in Alternatives C1 and C2.
3. The impact of measurement gaps (for inter-frequency and inter-RAT measurements) depends on the UE architecture and further assumptions we make for dual connectivity. If the UE supports both the radio connections with a single RF chain, the measurement gap will cause interruption on both the radio connections. If the UE has two RF chains and uses one RF chain for each of the two radio connections, then it may be possible to limit the interruption caused by the measurement gaps to one of the two radio connections. This is basically the same limitation as in carrier aggregation.
Depending on the architecture adopted, it may be necessary to have reporting configurations and measurement IDs that are specific to each connection. For example, the assisting eNB connection may have different criteria for measurement reporting compared to the criteria for measurement reporting on the anchor eNB connection. However this will need to be studied further.
Proposal 4a: A single set of measurement objects and quantity configurations are used regardless of the control plane architecture that is chosen.
Proposal 4b: The need for and configuration of measurement gaps is same as for carrier aggregation in Release 11.
Proposal 4c: It is FFS whether reporting configurations and measurement IDs are specific to a connection.
Dual Connectivity in inter-frequency and intra-frequency scenarios
Thus far the discussion on dual connectivity has focused on architectural issues that are independent of whether the two cells to which the UE is connected are on the same frequency or not.
At first glance, it would seem that a dual connectivity solution that works for inter-frequency scenarios should also work for the intra-frequency scenarios. However, the intra-frequency scenarios raise other issues that will have to be addressed.
If the connection to the anchor and the connection to the assisting eNB are on the same frequency, it is not possible to receive and transmit on the two connections simultaneously (i.e., in the same subframe). This suggests that dual connectivity on the same frequency:
1. Will not enable significant per-user throughput gains (compared to the inter-frequency scenarios).
2. Will make it necessary to design time sharing mechanisms for the two connections.
Furthermore, we already have time sharing mechanisms for heterogeneous networks (eICIC). Any dual connectivity solution for intra-frequency scenarios should show a significant benefit over existing solutions such as eICIC. One potential benefit of intra-frequency dual connectivity is improvement of mobility robustness (i.e., if one of the links fails, there is still a communication path to the UE). However, this assumes that it is possible to always maintain connectivity on both the links. In a deployment with a large number of small cells, where interference from small cells to macro cell DL and macro cells to small cell DL is significant, it is not clear that this is possible.
Proposal 5: RAN2 should focus on dual connectivity for inter-frequency scenarios first. Dual connectivity for intra-frequency scenarios should be handled as a lower priority.
Summary
In this document we have studied some of the control plane issues that arise from dual connectivity. In particular, the choice of specific control plane architectures may impact some of the control plane procedures. We have also briefly considered issues related to intra-frequency dual connectivity. Based on the discussion, we propose the following:
Proposal 1: When the link to the anchor eNB experiences an RLF, it should be possible to send and receive RRC messages on the second radio connection.
Proposal 2: The anchor eNB provides relevant system information for accessing the assisting eNB and for maintaining the connection to the assisting eNB.
Proposal 3a: It should be possible to change the assisting eNB without changing the anchor eNB.
Proposal 3b: It should be possible to change the anchor eNB without changing the assisting eNB.
Proposal 4a: A single set of measurement objects and quantity configurations are used regardless of the control plane architecture that is chosen.
Proposal 4b: The need for and configuration of measurement gaps is same as for carrier aggregation in Release 11.
Proposal 4c: It is FFS whether reporting configurations and measurement IDs are specific to a connection.
Proposal 5: RAN2 should focus on dual connectivity for inter-frequency scenarios first. Dual connectivity for intra-frequency scenarios should be handled as a lower priority.
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