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1. Introduction

At the last RAN Plenary meeting #62 in Busan, Korea a new work item was approved for small cell enhancements in the physical layer [1]. To ensure the efficient operation of networks with small cell layers composed of small cell clusters, the following was agreed:

· 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 addition, during the study item phase, the following was agreed and captured in the technical report [2]:

· Dormant mode based on the current RAN3 mechanism is the starting point for possible enhancement related to small cell semi-static on/off.

· Reduced transition time of small cell on/off can increase the performance

· RAN1 finds it beneficial to introduce the small cell on/off transition time reduction depending on the detailed scheme

· The gain increases with decreasing transition time. 

· The small cell on/off with reduced transition time 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

· To support an enhanced transition time reduction, discovery procedure/signal(s) is 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

· Note that all QCL features might not needed

· Need of RLM is FFS

· This may include support of discovery and measurement enhancement(s) in DL and its usage in related procedures

In this contribution, we present our views on some of the design criteria for discovery signal and measurements to support small cell on/off transition time reductions in Release 12. Necessary procedures for small cell on/off transition time reductions are discussed in our companion contribution [3].
2. Discussion
Small cell off(on transition times can be split into two independent phases, the RRM measurement phase and the procedure phase during which according to a specific protocol the UE connects to a given cell. The procedure phase was discussed at length in our companion contribution [3]. In summary, RRC handover procedures can be used to change a UE’s PCell when the UE is not CA capable or when the network cannot configure the given cell as ‘dedicated SCell,’ i.e., configure it for all connected UEs as SCell. This may be the case when load balancing requires some UEs to have the cell operating in on/off mode configured as their PCell. Secondly, whenever a UE is CA capable and the cell operating in on/off mode is configured as an SCell, MAC layer SCell activation procedures can significantly reduce the off(on transition time and even faster transition times can be envisioned through novel L1 procedures. The network has some control over which procedure to use, e.g., by configuring SCells such that  cells becomes ‘dedicated SCells’ and no handovers are necessary to transition them from on state to off state or by smart load balancing where non CA capable UEs are handed over to cells on a different carrier or eNodeB. In general, however, the UEs’ capabilities determine which procedure the network may apply. 
Since the load in the network fluctuates over the course of a day, the network can also adaptively adjust which procedure to use at any given time. During phases of high load, it may not be feasible to configure the on/off mode, for instance because of a large percentage of UEs not supporting CA. In that case, transitioning cells from on to off frequently may significantly increase the signaling load in the network or hamper the load balancing capabilities of the network. During phases of low load, especially when only coverage needs to be provided and capacity is not an issue, the network may invoke X2AP cell deactivation procedures to remove a cell temporarily from the network. Finally, for example when only a small number of users is connected to a cell but these have high throughput demands such that the network would like to offload them to a local area eNodeB, fast off(on transition times may be desirable for an enhanced user experience. How often cells are turned on and off, how long they remain in either on or off state and which procedure (e.g., handovers) the network employs is ultimately left to network implementation and any procedure will generally result in delays of less than a hundred milliseconds [2]
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[3]. However, if a small cell should be turned on and how fast the network can initiate a given procedure depends significantly on the availability of RRM measurements, how long it takes for a UE to find a cell, and how long it takes a UE to synchronize to a cell. 
In Release 8, primary and secondary synchronization signals (PSS/SSS) as well as cell-specific reference signals (CRS) are transmitted by each cell to enable cell search and RRM measurements as well as coarse time/frequency synchronization. For a cell operating in on/off mode it is infeasible to transmit these discovery signals in each radio frame when in off mode. To minimize intercell interference and power consumption at the eNodeB, it should be possible to turn off an eNodeB’s radio for extended periods of time. At the same time, it is beneficial to use existing cell search and RRM procedures to the utmost extend to minimize implementation, specification, and testing efforts. We thus prefer to use existing Rel. 8 waveforms for discovery signals and measurements, namely, PSS, SSS, and CRS, but to specify silence periods during which the eNodeB shall not transmit anything and can thus power down the radio. During each burst, i.e., when the eNodeB radio is turned on in between periods of silence and transmits PSS, SSS, and CRS as in Rel. 8, the cell would look identical to a Rel. 8 cell. Consequently, the impact on legacy UEs needs to be investigated esp. if the small cell operating in on/off mode is co-channel deployed with cells not operating in on/off mode. For example, a UE connected to a neighboring cell that is configured as its PCell should not trigger a handover by measuring and reporting a cell in off state during a burst of PSS/SSS/CRS transmissions.
Furthermore, network assistance could help lowering UE power consumption by providing the UE with a rough timing window in which it shall search for a cell. Moreover, neighboring cells could coordinate the time windows during which cells in off state transmit Rel. 8 waveforms. Such assistance information could also be used by enhanced receivers for interference cancellation to further improve small cell discovery. 
In addition, it may be important that a UE can acquire system information of a dormant cell during a burst. For instance, the network may configure a UE to report a cell’s ECGI to establish X2 connectivity to the eNodeB providing that cell. 
Release 12 small cell discovery signal and procedures should enable a UE to perform for a cell in off state what a Rel. 8 UE can perform for a cell in on state such as cell identification, coarse time/frequency synchronization, and RRM measurements. Release 12 small cell discovery signal and procedures should be optimized for small cell on/off transition time reductions. 
3. Conclusion

In this contribution, we presented our views on some of the design criteria for discovery signal and measurements to support small cell on/off transition time reductions in Release 12. Our views are:
· existing Rel. 8 waveforms should be used for discovery signals and measurements, namely, PSS, SSS, and CRS, with silence periods during which the eNodeB shall not transmit anything and can thus power down the radio

· the impact on legacy UEs needs to be investigated esp. if the small cell operating in on/off mode is co-channel deployed with cells not operating in on/off mode 

· network assistance could help lowering UE power consumption by providing the UE with a rough timing window in which it shall search for a cell

· neighboring cells could coordinate the time windows during which cells in off state transmit Rel. 8 waveforms

· assistance information could also be used by enhanced receivers for interference cancellation to further improve small cell discovery

· it may be important that a UE can acquire system information of a dormant cell during a burst 

In summary, Release 12 small cell discovery signal and procedures should enable a UE to perform for a cell in off state what a Rel. 8 UE can perform for a cell in on state such as cell identification, coarse time/frequency synchronization, and RRM measurements. 
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