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1
Introduction
This paper looks into intra-LTE energy saving enhancement in small cell scenario. Based on selected small cell architecture, we investigate whether existing ES solution is applicable to small cell scenario and what further work is required.
2
Discussion
2.1 Brief review of selected small cell architectures
Control plane architecture alternative C1 as depicted in Figue 1 below was selected in Small Cell Enhancement SI[1]. Some of main features of the selected CP architecture comprise: 
· Only the MeNB generates the final RRC messages to be sent towards the UE；
· S1-MME terminates in MeNB；
· Some coordination is still needed between MeNB and SeNB via X2;
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Figure 1: Radio Interface C-plane architecture for dual connectivity
With regards to user plane architecture, alternative 1A and 3C as depicted in Figue 2 were selected to support U-plane data split. Some of main features of selected UP architecture comprise:
· 1A: S1-U also terminates in SeNB + independent PDCPs (no bearer split); 
· 3C: S1-U terminates in MeNB + bearer split in MeNB + independent RLCs for split bearers
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Figure 2: Radio Interface U-plane architectures for dual connectivity (1A and 3C)
In summary, 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. In dual connectivity operation, the SeNB owns its radio resources and is primarily responsible for allocating radio resources of its cells. In dual connectivity operation, the SeNB (as assisting eNB role) is invisible to neighbour eNBs.
2.2 switch off action
This section presents and analyzes the different solutions for switch off action. In dual connectivity operation, both MeNB and SeNB may act as the role to trigger switch off action. We try to provide possible steps below for these two different manners. Of course, the switch-off decision may also be taken by O&M. 
Solution 1: SeNB autonomously decides to switch off.
Step 1 : SeNB decides to switch off  a small cell to reduce the power consumption based on preconfigured policy.
Step 2: For UEs operating in dual connectivity mode, SeNB requests MeNB to transfer them back to MeNB or other eNBs.
Step 3: For UEs served by SeNB standalone, SeNB hands them over to other cells.
Step 4: After all the UE are transferred to other cells, such small cell can enter dormant state.
Step 5: The SeNB owning the concerned small cell informs neighbour eNBs to update neighbour relationship configuration.
Solution 2: MeNB makes the switch off decision.
Step 1: A MeNB decides to switch off a small cell to save energy based on preconfigured policy.
Step 2: If the small cell is shared by more than one eNB, the triggering MeNB should negociate with other MeNB before switching off this small cell.
Step 3: All involved MeNB requests the SeNB to release related radio resource allocated for affected dual connectivity UEs.
Step 4: For UEs served by small cell standalone, SeNB hands them over to other cells.
Step 5: MeNB indicates the small cell to switch off.
Step 6: After small cell is switched off, the SeNB owning the concerned small cell informs neighbour eNBs to update neighbour relationship configuration.
From the above analysis, it emerged that the existing switch off mechanism (i.e. capacity booster cell autonomously decides to switch off) could likely apply to small cell scenario as well. The expected standard effect is to define SeNB release signalling flow (in Step 2) to transfer dual connectivity UE from SeNB. The SeNB release procedure is also a pending discussion in RAN2 Small Cell Enahancement SI. RAN3 may wait to reuse the outcome from this study and be not required to do extra effect for ES sake.
Solution 2 also seems feasible. It is carried out with the help of SeNB release procedure (in Step 3) as well. If MeNB makes the switch off decision, the potential benefit should be carefully evaluated and standard effect should minimised.
Proposal 1: For switch-off action, existing mechanism could be reused as long as SeNB release signalling is already defined. If MeNB makes the switch off decision, the potential benefit should be evaluated and standard effect should minimised.
2.3 switch on action
When load increases in an area served by MeNB coverage cells and several small cells in that area are not active, the MeNB may decide to switch on small cells. Since SeNB owning small cell is also a normal eNB, MeNB can make the switch-on decision and signal activation request directly to proper SeNB. The existing signalling procedure can be re-used without extra standard effect. E.g. MeNB may use Cell Activation Request message to re-activate one or more small cells. The switch-on decision may also be taken by O&M.
Proposa2: For switch-on action, existing mechanism and signalling could be reused.
3 Proposal
In this paper existing ES mechanism was revisited to understand if it also makes sense in small cell scenario, and other possible solution has also been presented and analyzed. Consequently the following proposals were made:
Proposal 1: For switch-off action, existing mechanism could be reused as long as SeNB release signalling is already defined. If MeNB makes the switch off decision, the potential benefit should be evaluated and standard effect should minimised.
Proposal 2: For switch-on action, existing mechanism and signalling could be reused.
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Control Plane Option 1


SeNB


RRC


MeNB


Xn


Uu



