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1. Introduction
In RAN#61 meeting, the following RAN2 scope “In addition to progressing the UP architecture topic, RAN2 is respectfully requested to make as much as possible progress on other SCE-higher layer topics as part of the extended SID” has been agreed. In this contribution, we focus on the topic “The functional allocation between MeNB and SeNB” in control plane aspect of dual connectivity and provide some analysis based on different U-plane architecture options.
2. Discussion
Since a legacy UE is allowed to camp on either a MeNB cell or a SeNB cell, MeNB and SeNB should have all function of a legacy eNB as defined in TS 36.300. But for supporting dual connectivity, UE is required to simultaneously keep two radio links with MeNB and SeNB. Then MeNB and SeNB should separately take on different function task in case of dual connectivity. Thus function allocation between MeNB and SeNB seems meaningful just when UE has dual connectivity.

2.1. The allocation of RRM functions
The functional allocation between MeNB and SeNB is heavily reliant upon the allocation of RRM functions, which include Radio Bearer Control, Radio Admission Control, Connection Mobility Control, Dynamic Resource Allocation, Inter-Cell Interference Coordination, Load Balancing,etc. Here we provide some analysis on the allocation of RRM functions: 
· Connection Mobility Control
In connected mode, a dual connectivity UE is required to support the mobility of radio connections, handover decisions which may be based on UE and eNB measurements. In addition, handover decisions may take other inputs into account, such as neighbour cell load, traffic distribution, transport and hardware resources and Operator defined policies,etc. Considering that the macro eNB can collect these assistant informations from all related small cells over Xn and directly receive measurement reports from UE over Uu, a Centralised CMC at the macro eNB seems to be beneficial than a De-Centralised CMC with which each small cell eNB only takes the CMC decision based on its own neighbors.
Observation 1: It seems beneficial to have a Centralised CMC function in macro eNB.
· Radio bearer control
Radio bearer control (RBC) involves the establishment, maintenance and release of Radio Bearers, when having requirement to set up a radio bearer in small cell. RBC takes responsible for assigning associated resource based on the overall resource situation in small cell, the QoS requirements of in-progress sessions and the QoS requirement for the new sessions, and then signals related configuration information to the UE. As the many inputs of RBC are cell-specific and change quite dynamically, the small cell eNB should handle many of the inputs by its own. However, considering C-plane architecture option 1 “Only the MeNB generates the final RRC messages to be sent towards the UE after the coordination of RRM functions between MeNB and SeNB”, there should be a centralized control responsible for RBs management in macro cell eNB, as the macro eNB can coordinate the establishment, maintenance and release of Radio Bearers between small cells and between small cell and macro cell. Thus the RBC function is distributed in Macro cell eNB and Small cell eNB, but Macro cell eNB takes primary function. 
Observation 2: RBC function may exist in both Macro cell eNB and Small cell eNB, but it seems beneficial for Macro cell eNB to take primary responsibility.
· Radio Admission Control
For the establishment of new RBs in Small cell for a dual connectivity UE, the small cell eNB takes responsible for admission control for these RBs based on the priority levels and the provided QoS of in-progress sessions and the QoS requirement of the new radio bearer request. If they cannot meet corresponding QOS requirements, they will be rejected. Then radio admission control (RAC) for RBs in small Cell primarily locate at Small cell eNB, accordingly RAC for RBs in Macro cell locate at Macro cell eNB.

Observation 3: It seems reasonable to allow RAC function to be distributed in different eNBs for different RBs.
· Dynamic Resource Allocation
For the RBs in small Cell of a dual connectivity UE, dynamic resource allocation (DRA) or packet scheduling (PS) are primary task of MAC entity in small cell, including resource blocks allocation and the selection of the radio bearer packets, meanwhile also taking into account the QoS requirements, the channel quality information for UEs, buffer status, interference situation, etc. Thus, these functions apparently should be placed at small cell. Of course, for the RBs and SRBs in Macro cell eNB, Macro cell eNB take responsible for corresponding DRA.  

Observation 4: It seems reasonable to allow DRA function to be distributed in different eNBs for different RBs.
· Inter-Cell Interference Coordination
Inter-cell interference coordination for co-channel scenario is inherently a multi-cell RRM function that needs to take into account information (e.g. the resource usage status and traffic load situation) from multiple cells. For Scenario #2, with dense small cells deployment, the inter-cell interference issue mainly means inter-cell interference coordination between small cells with same frequency, and more signaling carrying OI, HII or RNTP information needs to be exchanged between Small cells. Thus, this part of ICIC task should be separately placed in Small cells. 

Observation 5: It seems reasonable to allow the Inter-cell interference coordination task for Scenario #2 to be separately placed in different Small cells.
· Load Balancing
Load balancing has the task to handle uneven distribution of the traffic load over multiple cells. For dual connectivity UE, since CMC and RBC tasks are primarily handled in Macro cell, it seems beneficial to place LB task between Macro cell and small cell in Macro cell, i.e. based on distribution situation of the traffic load, integrate with utilization situation of radio resources, Macro cell eNB can timely perform data bearers split or combination operation between Macro cell and small cell.

Additionally, in some cases the LB task between small cells at edge of small Cells also needs to be coordinated by Macro cell eNB, i.e. as a centralized node Macro cell have knowledge of distribution situation of the traffic load over all small cells under its coverage, so it can efficiently redistribute traffic load between Small cells. Please see Figure 2 as shown below:


[image: image1.emf]Small Cell A

Small Cell C

Small Cell B


Figure 1 Load balancing for Small Cell enhancement

Small Cell A and B are highly loaded cells, but Small Cell C is an underutilized cell. Based on the distribution situation of the traffic load of these small cells, Macro cell eNB may redistribute part of traffic load of Small Cell B to Small Cell C, and then shift some traffic load of Small Cell A to Small Cell B, thus the traffic load for whole system can be improved as much as possible.

Observation 6: It seems beneficial to have a Centralized LB function in macro cell eNB.
2.2. The functional allocation between MeNB and SeNB

Different architecture options for dual connectivity may have different function allocation between MeNB and SeNB. Based on the agreement from last RAN2 meeting, C-plane architecture option 1 has been determined as final choice. Then combined with the analysis on the RRM functions, some common functions for variable U-plane architecture options can be firstly discussed.

The MeNB hosts the following common functions for dual connectivity UE:
-
S1-MME signalling termination;
-
Selection of an MME at UE attachment when no routing to an MME can be determined from the information provided by the UE;
-
Functions for Radio Resource Management: Radio Bearer Control, Radio Admission Control, Connection Mobility Control;

-
Ciphering and integrity protection for SRB;
-
Measurement and measurement reporting configuration for mobility and scheduling;

-
Dynamic allocation of resources to radio bearers kept in MeNB in both uplink and downlink (scheduling);
-
Centralized Load Balancing function
The SeNB hosts the following common functions for dual connectivity UE:
-
Admission Control for radio bearers separated to SeNB;

-
Dynamic allocation of resources to radio bearers separated to SeNB in both uplink and downlink (scheduling);
In addition to the common functions above, different U-plane architecture options have big impact on the function allocation between MeNB and SeNB. To make the functional allocation analysis more complete, here we provide further analysis on the functional allocation for different U-plane options. They can be discussed after the down-selection of U-plane architecture options.
Since final U-plane options have not been determined, the following functional split is described based on different U-plane architecture options.
With option 1 (1A/2A):
The MeNB hosts the following functions for dual connectivity UE:
-
IP header compression and encryption of data stream of radio bearers kept in MeNB;
-
Routing of User Plane data of radio bearers kept in MeNB towards Serving Gateway (1A);
-
Routing of User Plane data of all radio bearers towards Serving Gateway (2A);
-
Transport level packet marking for radio bearers kept in MeNB in the uplink (1A);
-
Transport level packet marking for all radio bearers in the uplink (2A);
The SeNB hosts the following functions for dual connectivity UE:
-
IP header compression and encryption of data stream of radio bearers separated to SeNB;
-
Routing of User Plane data of radio bearers separated to SeNB towards Serving Gateway (1A);
-
Transport level packet marking for radio bearers separated to SeNB in the uplink (1A);
With option 2 (2C):

The MeNB hosts the following functions for dual connectivity UE:
-    The local Mobility Anchor point in case small cell change;
-
IP header compression and encryption of data stream of all radio bearers;
-
IP header compression and encryption of data stream of radio bearers kept in MeNB;
-
Routing of User Plane data of all radio bearers towards Serving Gateway;
-
Transport level packet marking for all radio bearers in the uplink;
The SeNB does not host any special function for dual connectivity UE

With Option 3 (3C/3D), apart from the functions for Option 2, MeNB also need additional special function to support bearer splitting as below:
-    Combining/Splitting of PDCP/RLC PDUs for an E-RAB received from/sent to MeNB and SeNB;

And correspondingly the SeNB need to support DL Flow Control function for a split bearer.
Finally, we kindly request RAN2 to discuss the above analysis on the functional allocation between MeNB and SeNB.  If needed, we can provide a corresponding TP about the above description.
Proposal 1:  RAN2 is kindly requested to discuss the above analysis on the functional allocation between MeNB and SeNB.

3. Conclusion
In this contribution, we analyze the functional allocation between MeNB and SeNB for dual connectivity UE, and provide some observations and proposal as follows:
Observation 1: It seems beneficial to have a CMC function in macro eNB.
Observation 2: RBC function may exist in both Macro cell eNB and Small cell eNB, but it seems beneficial for Macro cell eNB to take primary responsibility.
Observation 3: It seems reasonable to allow RAC function to be distributed in different eNBs for different RBs.
Observation 4: It seems reasonable to allow DRA function to be distributed in different eNBs for different RBs.
Observation 5: It seems reasonable to allow the Inter-cell interference coordination task for Scenario #2 to be separately placed in different Small cells.
Observation 6: It seems beneficial to have a Centralized LB function in macro cell eNB.
Proposal 1:  RAN2 is kindly requested to discuss the above analysis on the functional allocation between MeNB and SeNB.
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