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1. Introduction
In the 3GPP RAN#62 plenary meeting, the new WI proposal on E-UTRA small cell enhancements - Physical layer aspects has been approved. In the approved work item proposal, for the small cell on/off operation, the following issues would be considered:
-  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
In this contribution, we discuss the enhanced semi-static small cell on/off procedure which mainly focus on the DL discovery signal based solution. The enhancement for both single-carrier and multi-carrier operation are proposed.
2. Enhancement of small cell on/off procedure for multicarrier operation
Now we discuss the small cell on/off procedure for multicarrier operation which include CA case and dual connectivity case. For CA case, one candidate solution to support this is by Scell activation/deactivation. For dual connectivity case, similar process can also be applied. 
In current specification, the indication of Scell activation/deactivation(A/D) is done by MAC layer. The A/D mechanism is not used for small cell on/off directly since this method is used by eNodeB to control activation/deactivation at UE side. In order to indicate cell on/off, for all UEs which are configured the SCell, the eNodeB should transmit the A/D MAC CE signaling to the all UEs in UE specific manner. So, to achieve small cell on/off with current A/D mechanism, the efficiency is very low and the delay is longer comparing with the physical layer signaling. In addition, this method is even not proper for dual connectivity case where the SeNodeB has its own MAC. When SeNodeB is off, it is not able to activate itself by his own MAC in off state.

To reduce the small cell on/off transition time, the design of the mechanism to indicate the small cell on/off state should match the following requirement:

1) the information related on small cell on/off state broadcast to multiple UEs
2) there should be no impact to the legacy UE
3) the delay should be as small as possible
Based on the above analysis, we propose that DCI format 3/3A/1C is employed to transmit the on/off state of the small cell to activate/deactivate the Scell/SeNodeB. Firstly, the DCI format by PDCCH can be transmitted in any DL subframe. So that the delay can be very small. Secondly, DCI format 3/3A/1C is scrambled by TPC-RNTI to broadcast for a group of UE. The TPC-RNTI or new common RNTI which is shared by multiple UE by RRC configuration or prefixed value. Finally, by different TPC index or different RNTI, there is no impact on the legacy UEs. So, we propose
Proposal 1: DCI format 3/3A/1C can be used to indicated the small cell on/off state to support the activation/deactivation of CA/dual connectivity.

3. Enhancement for Small cell on/off for single carrier handover case
Now we consider the reduction of the transition time for  single carrier operation which is handover based procedure. In the basic handover procedure, after reception of the handover command (RRC reconfiguration with MCI), the UE attempts to acquire frame-level synchronization and initiate PRACH transmission at the next available PRACH occasion. By legacy procedure, when the small cell is just turn on, the UE need to wait until CRS and other synchronization signals are received to acquire frame-level synchronization, which adds to the transition time.

To reduce the transition time for handover, DL discovery signal based frame-level synchronization acquisition can be considered. To achieve this, synchronization information such as slot number offset is included in the RRC configuration of the discovery signal, that is, the synchronization information and the discovery signal information are jointly transmitted to UE by RRC. With these synchronization information, when the UE successfully detect the discovery signal, and can know the start point of the frame. So that the frame-level synchronization is achieved. Here we have our second proposal as follows.
Proposal 2: To reduce the transition time for synchronization in handover case, synchronization information such as slot number offset can included in the RRC configuration of the discovery signal. 
Now we consider the reduction of the transition time for UL transmission after that small cell is just turn on. At this stage, the power control of initial UL transmissions should be implemented. By legacy mechanism, the power control of initial UL transmissions such as PUCCH, PRACH preamble and subsequent PUSCH transmissions is calculated based on a path loss estimate which depends on RSRP and the EPRE value of CRS. However, CRS is not transmitted when the small cell is turn off. So discovery signal based power control of initial UL transmissions should be investigated. 
In current discussion, to support discovery signal based small cell on/off, the discovery signal based RRM measurement and report should be introduced. The small cell transmits the discovery signal even under the off state which enables UEs to detect it. With the discovery signal could based RRM measurement and report, for cell selection, it is feasible to turn on only one small cell with best RSRP/RSRQ. Otherwise, additional measurement should be introduced for an intermediate state with multiple detected small cells been turned on which will increase the transition time. 
To support discovery signal based power control of initial UL transmissions, except the RSRP value of  the discovery signal by RRM measurement, the EPRE value of the discovery signal is also necessary. So we suggest that the EPRE value of discovery signal should also be included in the RRC configuration of the discovery signal. Jointly with this EPRE and RSRP value of discovery signal, the UE can directly get path loss of the DL. So the initial UL power control problem is solved. So that the transition time for UL transmission  will be greatly reduced. Here comes our third proposal as follows:
Proposal 3: To reduce the transition time of UL transmission, discovery signal based path loss estimation should be considered for the power control of initial UL transmission. The EPRE value of discovery signal should also be included in the RRC configuration of the discovery signal.
4. Conclusions

In this contribution, we discussed the DL discovery signal based semi-static small cell on/off enhancement. Based on the discussion, we have 3 proposals as follows:
Proposal 1: DCI format 3/3A/1C can be used to indicated the small cell on/off state to support the activation/deactivation of CA/ dual connectivity.
Proposal 2: To reduce the transition time for synchronization in handover case, synchronization information such as slot number offset can included in the RRC configuration of the discovery signal. 
Proposal 3: To reduce the transition time of UL transmission, discovery signal based path loss estimation should be considered for the power control of initial UL transmission. The EPRE value of discovery signal should also be included in the RRC configuration of the discovery signal..
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