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1. Introduction
In RAN Plenary #62 meeting, the Small cell enhancement – Physical layer aspects WI was agreed [1]. This work item is to ensure the efficient operation of networks with small cell layers composed of small cell clusters, taking into account of the study documented in [2].

· Efficient operation with reduced transition time of small cell on/off in single-carrier or multi-carrier operation, with enhanced discovery of small cells

· Can use existing handover, CA activation/deactivation, dual connectivity (if supported) procedures. New L1 procedure for activated Scell operating on/off can further reduce transition time depending on the detailed solutions

· Discovery procedure/signal(s) are needed

· Cells operating a cell on/off may transmit discovery signal(s) supporting at least for cell identification, coarse time/frequency synchronization, intra-/inter- frequency RRM measurement of cells and QCL. (Note that QCL is not always necessary or possible depending on the procedure.)

· This includes support of discovery and measurement enhancement(s) in DL and its usage in related procedures.
In this contribution, we discuss the possible procedures to reduce transition time of small cell on/off and an awareness of the macro cell for discovery procedure support of the small cell.
2. Discussion

2.1 Possible procedures to reduce transition time of small cell on/off
According to [1], for efficient operation with reduced transition time of small cell on/off, it is beneficial for the small cell to support discovery procedure. Also, existing handover, CA activation/deactivation, and dual connectivity procedures can be used as possible procedures for efficient operation. In this section, from RAN3 point of view, we discuss the procedures to be able to reduce transition time of small cell on/off, such as handover, dual connectivity, and cell activation procedure.
2.1.1 Handover procedure
Handover procedure is one of options which can reduce transition time of small cell on/off. The UE located in the proximity of off-state small cell can detect discovery reference signal (DRS) transmitted by it. After measuring DRS, the UE performs measurement report to the macro cell. Based on reported information, the macro cell may send Handover Request message to off-state small cell where it finds DRS including the request for switching on. Upon reception of Handover Request message, the off-state small cell may decide whether switching on is possible or not. If yes, it may change off state to on state and send Handover Request Acknowledge message to the macro cell to indicate that it is switched on. If not, it may maintain off state and transmit Handover Preparation Failure message. Small cell on/off operation using handover procedure is briefly described in figure 1. After switching on the small cell, if there is no data packet transferred to the UE, the small cell informs neighboring cells of entering into off state and then switches off autonomously.
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Figure 1. Handover procedure for small cell on/off operation

Observation 1: Handover procedure can be applied to operation with reduced transition time of small cell on/off.
2.1.2 Dual connectivity procedure
Among procedures related to dual connectivity which has been discussed at RAN3, SeNB addition and SeNB release procedure may be possible procedure. It is because small cell on and off can be triggered by addition and release of SeNB respectively. Likewise handover case, the UE reports DRS based measurement results to the macro cell. Based on reported information, the macro cell may send SeNB Addition Request message to the off-state small cell containing the request for switching on. Upon reception of SeNB Addition Request message, the off-state small cell may determine whether switching on is possible. If yes, the small cell may switch on and send SeNB Addition Response message to the macro cell to response that it is switched on. If not, it may keep off state and transmit SeNB Addition Failure message. Small cell on/off operation using SeNB addition procedure is illustrated in figure 2. If there is no data packet carried to the UE, SeNB release procedure can be used.


[image: image2.emf]UE MeNB SeNB

SeNB Addition Request

Including request for switching on

SeNB Addition Response

Including response for switching on

Decide SeNB 

Addition

Measurement Control

Measurement Reports

Decide whether 

switching on is 

possible

Discovery Signal


Figure 2. SeNB addition procedure for small cell on/off operation

Observation 2: Dual connectivity procedure can be applied to operation with reduced transition time of small cell on/off.
2.1.3 Cell activation procedure
Cell activation procedure for switching on cell which is inactive due to energy saving reasons may be used as possible procedure. However, this procedure cannot be used by itself and should be used together with handover procedure so that the UE can receive data packet from the small cell after switching on it. When the macro cell receives measurement report from the UE, it sends Cell Activation Request message to the off-state small cell. Upon reception of Cell Activation Request message, the small cell decides whether to switch on or not. If yes, it changes off state to on state and transmits Cell Activation Response message to the macro cell. And then, handover procedure may be started by sending Handover Request message from the macro cell. If the small cell cannot be switched on, the small cell maintains off state and sends Cell Activation Failure message. Small cell on/off operation using Cell activation procedure is shown in figure 3. Switching off of on-state small cell may be performed identically as mentioned in section 2.1.1.
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Figure 3. Cell activation procedure for small cell on/off operation

Observation 3: Cell activation procedure together with handover procedure can be applied to operation with reduced transition time of small cell on/off.
Proposal 1: Consider handover, dual connectivity, and cell activation procedures to reduce transition time of small cell on/off.

2.2 Macro cell awareness of discovery procedure support of small cell
According to [3], the following agreement was achieved:
Agreement:

· Network assistance related to at least timing associated with discovery measurement is provided to UEs for Rel-12 discovery procedure
Depending on agreement above, the macro cell provides UEs for Rel-12 discovery procedure with information related to discovery signal measurement. Based on information received from it, UEs are able to detect off-state small cell and measure discovery signal. Prior to offering information to UEs, the macro cell should be aware of whether the small cell supports discovery procedure or not. If it does not know that all of small cells deployed within its coverage do not support discovery procedure, UEs are to be provide with useless information. Also since, according to information received from the macro cell, they may try to detect discovery signal periodically, it may result in waste of battery of them.
Proposal 2: The macro cell should be aware of whether the small cell supports discovery procedure or not.
3. Conclusion
In this contribution, the possible procedures which are able to reduce transition time of small cell on/off and if the macro cell knows discovery procedure support of the small cell were discussed. The following proposals are suggested to RAN3:
Proposal 1: Consider handover, dual connectivity, and cell activation procedures to reduce transition time of small cell on/off.
Proposal 2: The macro cell should be aware of whether the small cell supports discovery procedure or not.
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