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1.  Introduction
A work item “Small cell enhancements - Physical layer aspects” was approved at RAN#62 [1]. The work item is to specify the mechanisms for small cell enhancements in physical layer, to improve the spectrum efficiency for the UEs experiencing high geometry or low frequency-selective and time-selective fading channel, and to ensure the efficient operation of networks with small cell layers composed of small cell clusters, taking into account of the study documented in 36.872 [2]. 
The objectives of this work item include:
· 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.

RAN1 finds it beneficial to introduce the small cell on/off transition time reduction and the gain increases with decreasing transition time. The potential solutions for small cell on/off transition time reduction are studied during the study item [3]-[7]. In this contribution, we present our further views on the enhanced procedure for small cell on/off.
2. Enhanced procedures for small cell on/off
In this section, we elaborate the enhanced procedures for small cell on/off, summarize the comparison for the potential solutions and provide our views accordingly.
2.1. Small cell on/off via handover
Small cell on/off with existing RAN3 mechanism based on the procedure of handover can be supported in the current specification. It has no impact on specification and no backward compatibility issues for legacy UEs. However, CRS-based RRM measurement is adopted in the current handover procedure. More specifically, a small cell in dormant mode needs to be turned on and transmit CRS firstly, then UE can perform CRS-based RRM measurement. The procedure of handover can be started thereafter. 
The off-to-on transition time can be reduced if small cell in dormant mode can transmit discovery signal (DS) and UE can perform RRM measurement based on DS. With DS-based measurement, UE can perform RRM measurement before the small cell is turned on. Once the small cell is turned on, the procedure of handover can be started immediately. The flowchart of enhanced procedure based on DS for small cell off-to-on transition is illustrated in Fig.1.
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Figure 1 : Enhanced handover procedure for small cell off-to-on transition
Small cell needs to hand over UEs in RRC_CONNECTED to other cells before the small cell is turned off. The on-to-off transition time depends on the on/off status of the target cell and whether the target cell supports DS transmission. If the target cell is in dormant mode and cannot support DS transmission, UEs in RRC_CONNECTED can only be handed over to the target cell via the handover procedure in the current specification. If DS and DS-based RRM measurement are supported in the dormant target cell, enhanced procedure can be used to reduce small cell on-to-off transition time.
2.2. Small cell on/off via CA activation/deactivation
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Figure 2 : SCell activation/deactivation based procedure for small cell off-to-on transition
If UE is capable of carrier aggregation, SCell activation/deactivation based procedure can be used for small cell on/off. In this case, ideal backhaul between Pcell and Scell is assumed. Small cell can be configured as Scell and Pcell can configure the pattern of DS transmission for a small cell. With DS transmission in small cell in dormant mode, UE can perform DS-based RRM measurement on the small cell. PCell can make a quick decision on whether to activate a dormant small cell or not based on the measurement report from UEs. Small cell can be activated/deactivated with MAC control signalling. The latency to activate/deactivate a small cell is around 20~30ms. For SCell activation/deactivation based procedure, it requires that all UEs need to have the capability of carrier aggregation. If non-CA capable UE is connected to the small cell, the transition time is dominated by the non-CA capable UE, e.g. via handover procedure. One possible solution is that the non-CA capable UE is precluded to access the small cell in such case. The flowchart of SCell activation/deactivation based procedure for small cell off-to-on transition is illustrated in Fig.2.

2.3. Small cell on/off via dual connectivity
In case of non-ideal backhaul between MeNB and SeNB, similar procedure like SCell activation/deactivation can be used for small cell on/off if UEs can operate in dual connectivity. DS and DS-based RRM measurements can reduce the on/off transition time of SeNB. Like SCell activation/deactivation based procedure for carrier aggregation, it requires that all UEs need to operate with dual connectivity. If legacy UE (not support dual connectivity) is connected to the small cell, the transition time is dominated by the legacy UE, e.g. via handover procedure. One possible solution is the legacy UE is precluded to access the small cell in such case. The latency to turn on/off a small cell via dual connectivity is a bit longer than SCell activation/deactivation based procedure.
2.4. Comparison between enhanced procedures
For all the three enhanced procedures, DS and DS-based RRM measurement are required. Additionally, for Scell activation/deactivation based procedure, to reduce on/off transition time, the capability of carrier aggregation is required for all UEs connected to the small cell; while for dual connectivity based procedure all the UEs who can access to the small cell are required to have the capability of dual connectivity. So enhanced handover based procedure has wider usage than the other two schemes and can be employed for both ideal and non-ideal backhaul. Scell activation/deactivation based procedure and dual connectivity based procedure can have much smaller on/off transition time compared to enhanced handover based procedure, which can be employed for ideal and non-ideal backhaul respectively. Based on the above discussion, we have following proposals:
Proposal 1: DS and DS-based RRM measurement is supported for small cell on/off in Rel-12.
Proposal 2: Enhanced handover procedure is supported for small cell on/off in Rel-12.
Proposal 3: Whether Scell activation/deactivation based procedure and dual connectivity based procedure are supported is FFS.
3. Conclusions
In this contribution, we provided our further views on the enhanced procedure for small cell on/off and have the following proposals:
Proposal 1: DS and DS-based RRM measurement is supported for small cell on/off in Rel-12.
Proposal 2: Enhanced handover procedure is supported for small cell on/off in Rel-12.

Proposal 3: Whether Scell activation/deactivation based procedure and dual connectivity based procedure are supported is FFS.
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