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1 Introduction
At RAN Plenary #58, a study item (SI) for enhancements to small cells for LTE was agreed and described in [1]. One objective of the SI is to evaluate the possible benefits of dual connectivity to more than one eNB, i.e. a MeNB and a SeNB. RAN2 has determined that inter-eNB aggregation shows technology potential in terms of per-user throughput, which potential motivates looking into possible impact to the protocol architecture. A number of observations and possible alternatives for both the user plane and the control plane are already described in TR 36.842 [2].

In particular, for the control plane, during RAN2#82 there was an agreement on the definition of two alternatives with respect to 1) how RRC messages are generated, and 2) whether the UE communicates with a one or two “RRC entities”. We observe that such distinction basically translates, from the UE’s perspective, into 1) whether the RRCConnectionReconfiguration message will include the configuration for SCell(s) of a SeNB (e.g. by SCellToAddMod) in a message with the mobilityControlInfo IE or not and 2) whether or not a mechanism to route RRC messages to the proper RRC entity is required.
Extending this understanding, the question is essentially related to 1) whether or not the (re)configuration of the UE for one or more (s)cell(s) of a SeNB should be modeled according to a mobility-related reconfiguration or to a carrier aggregation related reconfiguration and 2) whether or not one additional SRB is needed (and to some extent, if so, whether or not it should terminate at the SeNB directly).

Following RAN2#82, an email discussion followed up on control plane architecture using the agreed definition as a starting point. The ensuing discussion seemed to not easily converge and further discussions are expected.
This contribution further discusses control plane aspects from the perspective of different possible modeling for the inter-eNB interaction as well as from the perspective of existing procedures.
2 Control Plane Aspects

During the email discussion on control plane architecture [4], aspects of the configuration procedure for dual connectivity were discussed. It was apparent that it may be useful to consider a separate modeling for the initial configuration and for subsequent reconfigurations.

2.1 Initial UE Configuration for SeNB

EUTRAN should initially configure a UE with dual connectivity using a procedure as similar as possible to the RRC connection reconfiguration with mobility procedure. In this case, the configuration for the Uu of the SeNB is received by the MeNB over Xn and forwarded transparently to the UE over the Uu of the MeNB.

With this modelling, the MeNB acts as a source eNB and the SeNB acts as the target eNB. In this case however, the UE maintains the RRC connection to the RRC entity of the MeNB, i.e. the established SRBs are unaffected and the configuration for dual connectivity establishes a second physical layer (Uu interface) for the UE.

From the network side, the preparation phase for the initial configuration should be similar to the handover preparation procedure. In this case, the MeNB provides additional information to the SeNB. RAN2 should further discuss what aspects need to be exchanged and coordinated between the eNBs. One obvious candidate is the aspect of the UE capabilities.

From the UE perspective, the UE receives a RRC reconfiguration from the MeNB (thus acting as the source eNB) that includes an initial configuration for one or more SCells of the SeNB (thus acting as the target eNB). The interactions with the user plane and the handling of established EPS RABs would require further discussions. For example, whether or not PDCP, RLC for the concerned DRBs needs to be re-established when associated to a second MAC instance depends on further decisions on the user plane architecture. For example, there is a dependency on the decision on the support for S1-u split, on the PDCP location, and on the support for EPS RAB multi-flow.
Proposal 1: 

The initial configuration of dual connectivity is modeled as a mobility procedure from both the UE and the network perspective for further work on dual connectivity.

In other words, the discussion of inter-eNB coordination for dual connectivity should have little impact (if any) from the perspective of the UE, and the total latency of the procedure should be no worse than that of the handover procedure. 

2.2 Subsequent UE Reconfiguration for SeNB

EUTRAN should reconfigure the radio resources allocated to a UE with dual connectivity using a procedure as similar as possible to the current RRC connection reconfiguration procedure.

From the network side, the inter-eNB coordination is further discussed in section 2.2 of [5] and requires further discussions. There is a dependency on the assumed requirements in terms of 1) when such coordination is needed and 2) if such coordination is required before the initiation of the reconfiguration procedure with the UE. There is also a dependency on the L2 transport of the concerned signalling, i.e. whether or not the SeNB may transmit RRC messages using its Uu interface to the UE.
From the UE perspective, the UE receives a RRC reconfiguration message that adds/remove/modifies the configuration for one or more SCells of the SeNB, similar to the reconfiguration procedure for LTE CA.
Proposal 2: 

Subsequent UE configuration for the Uu with the SeNB is modeled as a reconfiguration procedure as similar as possible to the existing reconfiguration procedure for intra-eNB carrier aggregation from both the UE perspective and the network perspective for further work on dual connectivity.

In other words, depending on the L2 architecture, it should be desirable to ensure that inter-eNB coordination for dual connectivity has as little impact as possible (if any) from the perspective of the UE. It should also be desirable that the overall latency of the procedure be no worse than that of the reconfiguration procedure for intra-eNB CA. 

3 Conclusion

RAN2 should discuss the above aspects of the modeling of the procedure for (re)configuration of dual connectivity, and agree to the following:

Proposal 1: 

The initial configuration of dual connectivity is modeled as a mobility procedure from both the UE and the network perspective for further work on dual connectivity.

Proposal 2: 

Subsequent UE configuration for the Uu with the SeNB is modeled as a reconfiguration procedure as similar as possible to the existing reconfiguration procedure for intra-eNB carrier aggregation from both the UE perspective and the network perspective for further work on dual connectivity.

Proposal 3: 
Capture the analysis of sections 2.1 and 2.2 in TR 36.842 (see appendix in section 5).

A text proposal to TR 36.842v020 to capture aspects of L2 transport of control plane signaling can be found in the appendix in section 5.
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	8.1.2
Control plane architecture for dual connectivity

In this section, C-plane protocols and architectures for dual connectivity are evaluated.

From a standards point of view, each eNB should be able to handle UEs autonomously, i.e., provide the PCell to some UEs while acting as assisting eNB for other. 


8.1.2.1
RRC Functional modelling
It is assumed that there will be only one S1-MME Connection per UE (FFS: requires confirmation by RAN3). The MeNB is the anchor point for the RRC connection and for the S1-C/MME connection. The SeNB allocates radio resources for the cells that it manages and for all UEs that uses its radio resources, including UEs configured for dual connectivity.

8.1.2.1.1
Initial configuration for dual connectivity
EUTRAN should initially configure a UE with dual connectivity using a procedure as similar as possible to the RRC connection reconfiguration with mobility procedure, where the configuration for the Uu of the SeNB is received by the MeNB over Xn and forwarded transparently to the UE over the Uu of the MeNB. With this modelling, the MeNB acts as a source eNB and the SeNB acts as the target eNB. In this case however, the UE maintains the RRC connection to the RRC entity of the MeNB, i.e. the established SRBs are unaffected and the configuration for dual connectivity establishes a second physical layer (Uu interface) for the UE.

From the network side, the preparation phase for the initial configuration should be similar to the handover preparation procedure (FFS: requires confirmation by RAN3). In this case, the MeNB provides additional information to the SeNB (FFS what aspects should be listed here, e.g. UE capabilities). From the UE perspective, the UE receives a RRC reconfiguration from the MeNB (thus acting as the source eNB) that includes an initial configuration for one or more SCells of the SeNB (thus acting as the target eNB).

Interactions with the user plane and handling of established EPS RABs is FFS.

[Editor’s note: whether or not PDCP, RLC for the concerned DRBs is re-established when associated to a second MAC instance depends on user plane architecture, i.e. there is a dependency on support for S1-u split, PDCP location, and support for EPS RAB multi-flow]

8.1.2.1.2
Subsequent reconfiguration of SeNB resources with dual connectivity
EUTRAN should reconfigure the radio resources allocated to a UE with dual connectivity using a procedure as similar as possible to the current RRC connection reconfiguration procedure. From the network side, the inter-eNB coordination is FFS, and it depends on the requirement in terms of when such coordination is needed and if such coordination is required before the initiation of the reconfiguration procedure with the UE. From the UE perspective, the UE receives a RRC reconfiguration message that adds/remove/modifies the configuration for one or more SCells of the SeNB.

[Editor’s note: This section should further capture the modelling of the separation of RRC functions between MeNB and SeNB necessary to evaluate the impact of L2 transport for the concerned signalling, as well as any necessary inter-eNB coordination]
8.1.2.2
RRC Protocol architecture
At least the following RRC functions are relevant when considering adding small cell layer to the UE for dual connectivity operation:
-
Small cell layer’s common radio resource configurations

-
Small cell layer’s dedicated radio resource configurations

-
Measurement and mobility control for small cell layer

In dual connectivity operation, a UE always stays in a single RRC state, i.e., either RRC_CONNECTED or RRC_IDLE. With this principle, the main two architecture alternatives for RRC are the following:

-
Option C1: Only the MeNB generates the final RRC messages to be sent towards the UE after the coordination of RRM functions between MeNB and SeNB. The UE RRC entity sees all messages coming only from one entity (in the MeNB) and the UE only replies back to that entity. L2 transport of these messages is FFS (e.g. transfer via SeNB).

-
Option C2: MeNB and SeNB can generate final RRC messages to be sent towards the UE after the coordination of RRM functions between MeNB and SeNB and may send those directly to the UE (depending on L2 architecture) and the UE replies accordingly. How and whether to distinguish source and destination RRC entity are FFS. How to route UL messages is FFS. L2 transport of these messages is FFS (e.g. transfer via SeNB).
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Figure 8.1.2.1-1: Radio Interface C-plane architecture alternatives for dual connectivity
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