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1 Introduction

Some aspects of the control plane architecture for dual connectivity support were discussed during RAN2#82 meeting and email discussion [82#17]. The following two architecture options are considered. 
-
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).

This contribution further discussed different RRC protocol architectures and associated functional requirement for the dual connectivity support and provides our views on the topic. 

2 Discussion

Legacy control plane protocol architecture supports a single RRC entity located at the network and the UE. A legacy UE only has single connectivity to the network. Therefore single RRC entity is the only logical approach in legacy system. Moreover, RRC protocol is in charge of the lower protocol layer operation. The lower protocol layer parameters are configured by the network using RRC protocol. The network uses RRC signaling to inform the UE of lower protocol layer configurations. The configured parameters for the UE should also be known by the lower protocol layers for the correct operation. Given that the RRC protocol and lower protocol layers are located at the same node or node connected via ideal backhaul, inter-protocol layer communication or protocol primitives are not specified in legacy LTE system. The modeling aspects of RRC and lower protocol layer interaction are left to the implementation. 
When considering the dual connectivity support, single RRC connectivity or dual connectivity towards network could be considered. 
The RRC located at the macro and small cell jointly provide the necessary lower parameter configuration for the lower protocol layer operations in option C2. 
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Figure 1: CP architecture options
Above two architecture alternatives are compared in Table 1. 

Table 1: comparison of control plane protocol architectures for dual connectivity support

	
	Alt C1
	Alt C2

	UE complexity
	· Single RRC entity at the UE

· Seen as single connectivity: Close to the legacy RRC operation from UE point of view

· Possible need for Activation time
	Single RRC entity at the UE

- seen as dual connectivity towards primary and secondary cells

	Small cell parameter configuration
	Longer delay for configuration/reconfiguration of small cell parameters

Synchronization between reception of RRC message and reconfiguration of radio parameters for small cell will be complicated by the non-ideal backhaul latency and may require activation timer
	Fast configuration/reconfiguration of small cell parameters

No need of additional method (eg: activation time) for synchronization of the application of configured parameters. 

	eNB processing 
	When considering scenario where macro controls many small cell, the RRC at the macro may be over-burden.

Increased interactions between eNBs over Xn interface.
	eNB handles it’s own control only. No eNB processing impacts 

	Security aspects
	Single set of security keys- same as the legacy system
	Single or multiple set of security keys – need further study on the security aspects

	RLF handling on SeNB due to integrity check failure and RRC connection reconfiguration failure 
	Not required
	May need mechanism for failure recovery 


Considering the low UE complexity, control plane option 1 may result in low UE complexity considering that the UE only needs to handle single RRC and the operation may be close to the legacy RRC operation. However option C1 requires small cell radio parameters to be communicated to the macro eNB over X2 interface. The following alternatives implementations are possible with option C1.
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Alternative 1: X2-AP messaging is used for communication of SeNB radio configuration parameters between SeNB and MeNB
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Alternative 2: RRC messaging is used for communication of SeNB radio configuration parameters between SeNB and MeNB
Figure 2: Alternatives for CP architecture option C1
In alternative 1, “lower protocol control” unit at the small cell distributes and collects the lower protocol radio parameter of the small cell. The radio parameters of the small cell are communicated to the macro eNB via Xn using X2-AP transport. The X2-AP messages are generated at the small cell and X2-AP messages are converted to RRC messages at the macro eNB. 
In alternative 2, there is RRC like entity at the small cell. However the RRC at the small cell is not visible to the UE. Therefore it can be considered as “virtual RRC”. The virtual RRC controls the lower protocol layer and generate RRC messages to be communicated to the macro eNB. Therefore parameter communication over Xn uses RRC message format. RRC at the macro eNB may read the small cell radio parameters and generate the final RRC message to be sent to the UE. On the other hand, RRC at the macro eNB generates final RRC message to the UE by encapsulating RRC message received from the small cell within the final RRC message. This is similar to the legacy HO command transmission.

Procedure and operation in alternative 2 is similar to the legacy RRC operation. This also minimizes the specification impacts on Xn/X2 interface. Therefore, we prefer alternative 2 for control plane architecture supporting dual connectivity.

Proposal 1: Alternative 2 of option C1 where RRC messaging is used for communication of SeNB radio configuration parameters between SeNB and MeNB is proposed to be considered as the control plane architecture supporting dual connectivity.
Configuration of small cell parameter without delay is important for efficient management of small cell resources especially when considering small cell support of legacy UEs as well as the dual connectivity UEs. The small cell resources such as PUCCH resources will be shared among the legacy and the dual connectivity UEs. The best effort traffic is the most likely traffic type which would be offloaded via small cell due to it’s relaxed latency requirement. When there is no activity on best effort bearer, the UE may indicate PPI to be set as low power consumption and it is possible that the network may release the dedicated resources for the UE allowing for efficient resource utilization. When the UE has data to be sent the UE indicates PPI to be set to “not power preference”. Thus the network is required to configure the necessary dedicated resources without much delay in order for the UE communication. Option C1 experiences the non-ideal backhaul delay when reconfiguring the small cell radio parameters.  
Moreover, when considering a long non-ideal backhaul latency and requirement for information communication over the X2/Xn interface and lack of L2 ACK in the SeNB to indicate UE reception, it may be difficult to guarantee the UE and small cell are synchronized on the application of configured parameters. one way to handle the parameter synchronization between the UE and the SeNB is to use activation timer. However, activation timer based mechanism has been avoided so far in LTE due to its complexity. Alternative approach is to use RA procedure for synchronization of parameters. Dedicated preamble can be allocated from the SeNB for parameter synchronization purpose together with reconfigured parameters. Upon application of new SeNB radio parameters by the UE, Random access is performed on SeNB using allocated dedicated preamble in order to inform the SeNB that the UE has applied the new radio parameter. This allows the UE and SeNB to parameter synchronization.  
Proposal 2: It is proposed to discuss how to enable UE and small cell eNB synchronization of the application of configured parameters when considering long latency introduced in option C1.

3 Conclusions

This contribution compares different RRC protocol architecture proposals for support of dual connectivity. Pros and cons of both centralized RRC protocol and distributed RRC protocol architectures were discussed. Two alternatives of centralized RRC architecture (option C1) are discussed. Even though there is similar procedures are performed over the air interface between the UE and MeNB, the alternatives are different from messaging format used for information delivery over the X2/Xn interface. The following Proposals are made. 
Proposal 1: Alternative 2 of option C1 where RRC messaging is used for communication of SeNB radio configuration parameters between SeNB and MeNB is proposed to be considered as the control plane architecture supporting dual connectivity.

Proposal 2: It is proposed to discuss how to enable UE and small cell eNB synchronization of the application of configured parameters when considering long latency introduced in option C1.
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