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1. Introduction 
It was agreed in RAN2#83bis meeting that both U-plane architecture 1A (without bearer split) and 3C (with bearer split) will be progressed in the SCE SI. 
In this contribution, we discuss RRC message transmission where bearer split can be potentially configured. 
2. L2 Transport for RRC messages 

For the control plane messages, currently there are three signaling bearers defined, i.e. SRB0, SRB1 and SRB2. SRB0 is for RRC messages carried over the CCCH logical channel and is sent via TM RLC entity. SRB1 and SRB2 are for RRC messages as well as for NAS messages. SRB1 and SRB2 each has an associated PDCP entity, both are mapped to AM RLC only. The AM RLC entity has both the UL direction and DL direction.

Thus to carry RRC and NAS messages, the U-Plane needs to support an PDCP entity associated with AM RLC. This involves both downlink and uplink transmission.
2.1. L2 Transport under UP Alternative 1A
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Figure 1: UP Alternative 1A
Downlink
For the downlink, due to the fully independent PDCPs, the RRC message generated by the MeNB can only be sent from the MeNB directly.  Since the MeNB and SeNB links are fully isolated, the RRC messages will not be replicated via the radio link between the SeNB and the UE. Thus Alternative 1A does not provide RRC diversity.

In terms of security, the MeNB and SeNB each maintain and apply the security keys separately. For RRC messages, KRRC,enc and KRRC,int are derived from a KeNB maintained at the MeNB. The encryption and integrity protection of the RRC message are then performed by the PDCP entity at the MeNB. The UE only keeps one set of RRC keys.

Uplink

For the uplink, the UL RRC message is sent from the UE to MeNB directly. This architecture does not allow UE to send UL RRC messages to the MeNB via SeNB.
2.2. L2 Transport under UP Alternative 3C
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Figure 2: UP Alternative 3C
Downlink

As shown in Figure 2, Alternative 3C implements bearer split. Thus if a SRB is established with bearer split, then the MeNB can duplicate the PDCP SDU (carrying RRC message) on both the MeNB and SeNB paths, thus providing RRC diversity. For example, handover-related messages can be duplicated in both the MeNB and SeNB, when the corresponding SRB utilizes the bearer split configuration. 
When such duplication for reliability is not necessary, the radio link transmission is preferably from the MeNB directly, so that the RRC message transfer does not encounter delay over the Xn interface. For instance, for non-mobility related RRC messages, the corresponding SRB is not configured with bearer split. Since SRB transmission has no requirement of high throughput, the higher complexity of bearer split is not justified for most RRC messages.
In terms of security, Alternative 3C security is always performed in a PDCP entity in the MeNB. The UE keeps only one set of RRC keys. 

For RRC messages related to SeNB radio configuration, while the RRC message of the SeNB is sent from the RRC entity in the MeNB, the messages are identified as applicable to the small cell, so when they are received by the UE, the UE knows that the information is about the small cell configuration. The RRC messages pertinent to the small cell can be identified by either defining a new IE, or defining a new SRB. The UE monitors only the macro-cell for any RRC messages, where in addition to macro-cell-specific messages, the RRC message supporting small cell radio configuration or reconfiguration are received over the link between UE and macro-cell as well. The UE sends any RRC response messages to the macro-cell only. For RRC responses relevant to the small cell, the macro-eNB would relay the response to the small cell.  There is no SRB in the small cell for the UE.  This is illustrated in Figure 3. 
An example of protocol level implementation is shown in Figure 4, where the data offload occurs after the PDCP layer in the macro-eNB. Some of the DRBs are offloaded to small cell where they are transmitted to the UE.  The radio link configuration for the UE in the small cell is performed by the RRC in the small cell but the RRC messages are sent to the UE via the macro-cell.

It is proposed that:

· A SRB are not modeled as separate SRBs for the purpose of delivering RRC messages via SeNB. 

· For the downlink, a SRB is configurable as a single SRB split over MeNB and SeNB.
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Figure 3: Small cell eNB sends RRC messages to the UE via the macro-eNB
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Figure 4: An example of protocol layer implementation where DRB can be configured with bearer split
Uplink
For the uplink, the UE can (a) send UL message to MeNB only, (b) send UL message to SeNB only, or (c) send UL message for reception at both the MeNB and SeNB. 
For (a), UL RRC message transmission is straightforward and does not use the bearer split configuration. An UL signaling bearer is transported directly between the RRC entity in the UE and the RRC entity in the MeNB without the assistance of the SeNB. 
For (b), the UL RRC message is always routed via the Xn interface before reaching the RRC entity in MeNB.
For (c), a better compromise between delay and reliability is possible, without increasing the UE complexity. Joint processing of the transmission over the UE-MeNB and UE-SeNB-MeNB paths can be performed at the PDCP level on the network side. In one format, this provides path selection diversity when the UE selects the best UL path for transmission according to the RRC message characteristics and the varying channel condition. In another format, this provides redundancy to UL RRC messages when the UE duplicates the RRC message on both paths, thus improving the mobility robustness of UL RRC transmission. While tighter coordination and higher processing complexity are expected on the network side, the complexity increase on the UE side is minimal.
While the three possible configurations exist for the UL, it is desirable that the SRB UL configuration matches the DL configuration in terms of bearer split. This simplifies the configuration and maintenance of the SRB. When bearer split is configured for the SRB, transmission flexibility exists between uplink and downlink. The SRB message can be carried via MeB ( UE on the downlink path, while carried via UE(SeNB(MeNB path on the uplink, when there is a need to manage the uplink-downlink imbalance for UEs at the cell edge of SeNB.
It is proposed that:

· For the uplink, a SRB is configurable as a single SRB split over MeNB and SeNB. 

· The SRB UL configuration matches the SRB DL configuration in terms of bearer split.
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Figure 5: An example of sending UL RRC messages to the macro-cell RRC entity via the small cell
3. Conclusion

In this contribution, downlink and uplink RRC message transmission have been discussed, where bearer splitting can be potentially configured. 
It is proposed that:
· A SRB are not modeled as separate SRBs for the purpose of delivering RRC messages via SeNB. 

· For the downlink, a SRB is configurable as a single SRB split over MeNB and SeNB.
· For the uplink, a SRB is configurable as a single SRB split over MeNB and SeNB. 

· The SRB UL configuration matches the SRB DL configuration in terms of bearer split.
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