3GPP TSG RAN WG2 Meeting #82
R2-131962
Fukuoka, Japan, 20 – 24 May 2013

Agenda Item:
7.2.2.2
Source: 
Alcatel-Lucent 
Title:  
Discussion on the RRC protocol supporting dual connectivity 
Document for:
Discussion and decision

1 Introduction

Some aspects of the control plane architecture for dual connectivity support were discussed during RAN2#81bis meeting. The following agreements were made:

1. 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.

2. We assume that there will be only one S1-MME Connection per UE (requires confirmation by RAN3) 

Even though the contributions were submitted to RAN2#81bis on different architecture options for control plane when supporting dual connectivity, the discussion didn’t take place due to lack of time. The different CP architectures were discussed in email discussion [81bis#18]. Both RRC protocol and RRM functionality were discussed in [81bis#18]. However we think RRM functionality discussion is more appropriate to be taken in RAN3. This contribution compares 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. Therefore, a three different control plane architecture options were proposed and discussed in [81bis#18].

· 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 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.
The RRC located at the macro and small cell are jointly provide the necessary lower parameter configuration for the lower protocol layer operations in Alt C3 and C4. RRC at the small cell only in charge of the functions and lower protocol parameters controlled by the small cell, while the RRC at the macro cell is in charge of the global UE functions. Therefore, RRC located at small cell is seen as secondary RRC while the RRC located at macro cell is seen as the primary RRC. From the functionality point of view Alt C3 and C4 are similar. The only difference between Alt C3 and C4 is the RRC protocol modelling at the UE. RRC is modelled as a single RRC protocol in Alt C3 while Alt C4 considerers as of two RRC protocols. 
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Above three architecture alternatives are compared in Table 1. 

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

	
	Alt C1
	Alt C3
	Alt C4

	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
	Depending on the modeling, this may seen as two dependent RRC entities 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. 


	Fast configuration/reconfiguration of small cell parameters

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



	Inter protocol communication (Configuration of L2 in small cell)
	Require specifying the inter protocol communications as the communication is over open interface

Increased interactions between eNBs over Xx interface.
	No need of specifying the inter-protocol communication, apply the legacy approach
	No need of specifying the inter-protocol communication, apply the legacy approach

	eNB processing 
	When considering scenario where macro controls many small cell, the RRC at the macro may be over-burden 
	eNB handles it’s own control only. No eNB processing impacts 
	eNB handles it’s own control only. No eNB processing impacts

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


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. Alt C3 and C4 supports fast small cell parameter (re)configurations while Alt C1 results in delaying the small cell parameter (re)configuration due to the non-ideal backhaul latency.  Moreover, when considering a long non-ideal backhaul latency and requirement for information communication over the x2 interface and lack of L2 ack in the eNB to indicate UE reception, it may be difficult to guarantee the UE and small cell are synchronized on the application of configured parameters without having an activation timer based mechanism in Alt C1.  Use of RACH procedure for synchronization of parameters for many cases can severely impact configuration flexibility and speed.
Proposal 1: it is proposed to discuss severity of delaying the small cell parameter configuration taken into account typical operation scenario. 

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 Alt C1.

Compared to Alt C3 and C4, Alt C1 requires inter-protocol layer communication between RRC and L2/L1 of the small cell. The communication takes place over non-ideal backhaul link over an open interface. Therefore, a new set of specification is required for specifying the inter-protocol communication which so far in LTE has been avoided as it is considered implementation specifics.  Such standardized control of L1/L2 by an RRC layer located in a remote node leads to complexity in specification and implementation.  We would prefer to avoid such inter-protocol communication specification which is possible with Alt C3 and C4.

Proposal 3: it is proposed to discuss inter-protocol communication specification required by Alt C1. 

Alt C1 supports the security procedure similar to that follows in legacy system. Alt C3 and C4 require further study on how the security is enabled for RRC signaling. Moreover some UP protocol architecture also require further investigation of security when considering distributed PDCP between the macro and the small cell. This will require a key generation mechanism for the small cell that will need to be defined by SA3.  Considering the benefits of Alt C3 and C4, we propose to consider Alt C3 and C4 for the small cell enhancement unless severe security threat is identified.

Proposal 4: it is proposed to consult SA3 on the complexity of enabling security in Alt C3 and C4. 
Proposal 1 to 4 should be evaluated further prior to deciding on RRC protocol architecture for dual connectivity support.
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. The following Proposal is made. The issues identified in proposal 1 to 4 should be further evaluated prior to deciding of RRC protocol architecture for dual connectivity support.
Proposal 1: it is proposed to discuss severity of delaying the small cell parameter configuration taken into account typical operation scenario. 

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 Alt C1.

Proposal 3: it is proposed to discuss inter-protocol communication specification required by Alt C1. 

Proposal 4: it is proposed to consult SA3 on the complexity of enabling security in Alt C3 and C4. 
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