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As agreed in RAN2#82 meeting and captured in [1], the main two architecture alternatives for C-plane 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).
The control plane architectures are further discussed on the email reflector after RAN2#82, where the discussion focuses mainly on the architecture differences in terms of transmission of dedicated radio resource configurations of the small cell. In this contribution, other aspects of the control plane architectures are discussed, in particular the transmission of common radio resource configurations of the small cell and the uplink RRC messages. 

DL RRC Messages for Common Configurations of SeNB

When data offload is to be performed from a macro-cell to a small cell for a UE, the UE needs to be informed about the radio resource configurations in the small cell.  The configurations may include UE specific configurations such as DL and UL radio channels or reference signals such as UL PUCCH, SRS and SR resource allocations. It may also include common radio resource configurations in the small cell such as PRACH configuration, PDSCH common configuration, PUSCH common configuration, MBSFN subframes, etc.  Most of the common radio resource configuration is passed in MIB and SIBs. The exception includes antennaInfoCommon which is normally provided implicitly by how PBCH is transmitted.

To provide coverage to all UEs including legacy UEs, both MeNB and SeNB broadcast system information to the UEs under coverage. The system information of SeNB needs to be managed/controlled by the SeNB, and transmitted in the small cell. This is because the SeNB needs to be able to operate as a stand-alone eNB towards some UEs.

For UEs in RRC_IDLE or UEs having a single connection, the UE only camps on a single cell and monitors the system information on a single cell. In contrast, for UEs in RRC_CONNECTED with dual connection, the UE needs to monitor two sets of system information, one for MeNB and the other for SeNB. 

Below potential solutions are discussed which provide dual-connectivity UEs with two sets of common radio resource configurations. The discussion assumes C-plane Option C1 and C2, respectively,

Single RRC Entity in MeNB (Option C1)

For Option C1, a dual connectivity UE may acquire the system information of the SeNB in two ways, i.e. (a) directly through MIB and SIBs broadcast in the small cell by the SeNB, or (b) through dedicated RRC signalling from the MeNB.

System Information of SeNB Acquired Directly from SeNB
When the MIB and SIBs of SeNB are acquired directly from SeNB, the common radio resource configuration of SeNB is received using the same architecture as DL RRC messages received via Option C2, which is described in Section 2.2. Thus details of this design are not repeated here.

With this option, it requires that the RRC messages of the SeNB to be divided into two subsets:
· Predefine the common RRC messages of a small cell that UE acquires directly from SeNB. This is done via the direct reception of MIB and SIBs at the UE;
· Predefine the dedicated RRC message of SeNB to be generated by the entity in MeNB.

System Information of SeNB acquired from MeNB

In this design, common radio resource configuration information of SeNB is transmitted and received in the same manner as the same as dedicated radio resource configuration. 

In case of large backhaul latency, sending small cell system information to the MeNB and then to the UE may introduce large delays. When the system information of small cell is about to change, the SeNB sends the updated system information to the MeNB via the backhaul at the start of the change notification period (i.e., BCCH modification period (n) in Figure 1). The RRC entity in MeNB sends the system information of SeNB to the UE via a dedicated RRC message within the change notification period (i.e., before the start of i.e., BCCH modification period (n+1) in Figure 1). Similar to the common radio resource configuration of SCell, the RRC connection reconfiguration procedure can be used to provide the radioResourceConfigCommon of SeNB to the UE. When system information of a configured SeNB changes, MeNB releases and subsequently adds the concerned SeNB, which may be done with a single RRCConnectionReconfiguration message.  The signaling architecture is illustrated in Figure 2. 

From a UE’s perspective, dedicated signalling from the MeNB may be simpler as the UE does not need to monitor possible system information changes in the small cell. The UE behaviour would be similar to that in CA. Additionally, for this design under Option C1, the paging message is generated by MeNB only, and a dual-connectivity UE only sees the paging message from a single entity in MeNB. The protocol layer structure in the UE is illustrated in Figure 3.

Proposal for Option C1:
· System information of SeNB is generated by an entity in SeNB and sent to dual-connectivity UEs via dedicated RRC signalling from the MeNB.





[bookmark: _Ref363562338]Figure 1: UE receives SIB of SeNB via MeNB in the change notification period
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[bookmark: _Ref363728936][bookmark: _Ref363728930]Figure 2: RRC entity in SeNB sends the system information to MeNB, which then sends it to UE via a dedicated RRC messages
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[bookmark: _Ref363728998]Figure 3: An example of protocol layer implementation at the UE for Option C1


Separate RRC Entities in SeNB and MeNB (Option C2)

For Option C2, since both MeNB and SeNB can generate the final RRC messages and send to UE directly, there is no need to forward the system information of SeNB to MeNB. The UE receives the system information from the SeNB directly. The signaling architecture is illustrated in Figure 4. 

A procedure related to system information broadcast is paging. A UE monitors a Paging channel to detect incoming calls, system information change, among other things. To support the mechanism of update system information, UE needs to be able to receive paging channel from the SeNB. The paging message for system information change is generated by SeNB and transmitted directly from SeNB.

This option has the benefit of not requiring sending common radio resource configuration from SeNB to MeNB. Furthermore, since the management of common radio resource configuration is in a distributed fashion, the MeNB is not over burdened with such messages. This is especially true when there are a large number of small cells deployed in the MeNB since any change of small cell system information needs to be signalled to all affected UEs

Considering both the common and the dedicated RRC messages, the UE needs to have two RRC reception stacks, one for receiving RRC messages from the MeNB, the other for receiving RRC messages from SeNB. The protocol layer structure in the UE is illustrated in Figure 5.

Proposal for Option C2:
· System information of SeNB  and related paging messages are sent to dual-connectivity UEs directly from the SeNB.
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[bookmark: _Ref363729285]Figure 4: SeNB and MeNB each sends common RRC messages to the UE directly
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[bookmark: _Ref363729318]Figure 5: an example of protocol layer implementation at the UE for Option C2


UL RRC Message Transmissions

In addition to DL RRC message delivery, UL RRC message transmission needs to be considered. Many RRC messages are generated from the UE side. Depending on which option is adopted for downlink RRC message transmission, UL RRC message design may be different. 
UL RRC Message Transmission for Option C1
For Option C1, since the UE is only aware of a single RRC entity (the RRC entity in MeNB), the UE sends UL RRC message to that single RRC entity only.

In terms of L1/L2 transport, the UL RRC messages can be sent with one of the following options:
(1). UL RRC message is sent directly over the radio link between UE and MeNB;
(2). UL RRC message is sent over the radio link between UE and SeNB, after which the SeNB forwards the message to MeNB. For UL RRC messages related to the connection between SeNB and UE, the MeNB needs to further exchange information with SeNB over the backhaul link, which incurs a round trip delay over the backhaul. 
(3). [bookmark: _GoBack]A hybrid of (1) and (2). Delay-sensitive RRC messages, such as measurement report for mobility, are sent directly to MeNB. Delay-tolerant RRC messages are sent using (2) to take advantage the favourable radio link condition between UE and SeNB. In this case, the various types of RRC messages needs to be predefined as far as which route to take.

Proposal for Option C1:
· UL RRC messages are categorized into delay-sensitive and delay-tolerant types for L1/L2 transport. 
· Delay tolerant messages may be sent via the SeNB while delay–sensitive messages may be sent to the MeNB directly.


UL RRC Message Transmission for Option C2
For Option C2, the UE needs to send UL RRC messages to two separate RRC entities, one in MeNB, the other in SeNB.

In terms of UL RRC messages to SeNB, it is better for the UE to transmit to the small cells directly due to the smaller path loss. In terms of UL RRC messages to MeNB, it can use any of the three options listed in Section 3.1. For simpler UE operation and power savings, it is desirable to maximize the UL RRC message transmission via the UE-SeNB link. An UL signaling example is shown in Figure 6.  
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[bookmark: _Ref352949734]Figure 6: An example of sending UL RRC messages to the macro-cell RRC entity via the small cell


Proposal for Option C2:
· For UL RRC message targeting SeNB, transmit UL RRC messages to SeNB directly.
· For UL RRC messages targeting MeNB, the UL RRC messages are categorized into delay-sensitive and delay-tolerant types for L1/L2 transport. Delay tolerant messages may be sent via the SeNB while delay –sensitive messages may be sent to the MeNB directly.


Conclusions
In this contribution, it has been discussed how to send the DL RRC messages for common configurations of SeNB and the UL RRC message, when following the C-plane Option C1 or Option C2. The proposals are below:

· DL RRC Messages for Common Configurations of SeNB 
· Proposal for Option C1:
· System information of SeNB is generated by an entity in SeNB and sent to dual-connectivity UEs via dedicated RRC signalling from the MeNB.
· Proposal for Option C2:
· System information of SeNB  and related paging messages are sent to dual-connectivity UEs directly from the SeNB.
· UL RRC Message Transmissions
· Proposal for Option C1:
· UL RRC messages are categorized into delay-sensitive and delay-tolerant types for L1/L2 transport. 
· Delay tolerant messages may be sent via the SeNB while delay–sensitive messages may be sent to the MeNB directly.
· Proposal for Option C2:
· For UL RRC message targeting SeNB, transmit UL RRC messages to SeNB directly.
· For UL RRC messages targeting MeNB, the UL RRC messages are categorized into delay-sensitive and delay-tolerant types for L1/L2 transport. Delay tolerant messages may be sent via the SeNB while delay –sensitive messages may be sent to the MeNB directly.
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