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Discussion and decision
1 Introduction
One of the objectives of the work item on small cell enhancements recently approved in the RAN plenary [1] is to enhance efficiency of small cell on/off operation through reduced transition time:
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.

As mentioned in the WID, intra-frequency and inter-frequency RRM measurement shall be supported for the discovery signal (DS), which will be new procedure introduced for Rel-12. In addition, coarse time/frequency synchronization and QCL with other signals (depending on the procedure) shall also be supported for DS. Clearly, RRM measurement based on CRS, synchronization based on PSS/SSS/CRS and Rel-11 QCL procedure should also be performed by the UE when a cell is ON. 

In this contribution, we discuss other potential impact on UE RRM and synchronization procedures when operating small cell on/off. An overview of possible small cell on/off procedures has been provided in [3]. Our views on the requirements for discovery signal are presented in [4]. 
2 UE RRM and synchronization procedures with small cell on/off operations
We focus our discussion on the impact of small cell on/off and DS on UE RRM and synchronization procedures based on the legacy signals (PSS/SSS/CRS).

As elaborated in [4], in a dense small cell deployment scenario, there can be mismatch of DS and PSS/SSS coverage. Coverage mismatch would also occur between PSS/SSS and CRS where the latter may have better signal quality through frequency reuse, potentially less collision with neighbouring cell’s data assuming non-full buffer traffic and CRS IC; whereas the former always suffers from persistent inter-cell interference when frame timing of neighbouring cells are aligned.
Observation: DS and CRS may have better signal quality than PSS/SSS in a dense small cell deployment scenario.
Based on the above observation, it makes sense that UE should be allow to synchronize with the cell using only DS and CRS, in case PSS/SSS cannot be detected or is unreliable. Moreover, as mentioned in [4], the DS of the cell may be assumed to be quasi co-located with the CRS in terms of delay spread, Doppler spread, Doppler shift, average gain, and average delay by the UE.
In addition, despite the introduction of DS RRM measurement, the CRS based RRM measurement procedure should still be performed by the UE for conventional cell association and mobility functions such as handover. This is because whether or not a cell is suitable for connection is still largely determined by the CRS signal quality. DS RRM procedure should be optimized for slow mobility and for dense small cell deployments, as such it is not expected for DS based RRM procedure to replace the CRS based RRM procedure completely. 

Since CRS is only transmitted when a cell is ON, CRS detection/synchronization/RRM procedures are only relevant when a cell is ON. Different ON/OFF indication procedures are discussed in [3], where in CA and dual connectivity procedures, the UE can be informed about the on/off status of a cell via RRC/MAC/L1 signalling from the network. It is natural that UE should attempt CRS detection/synchronization/RRM procedure if a cell is determined to be ON, and suspend CRS detection/synchronization/RRM procedure otherwise.
Proposal 1: UE may synchronize to a cell using CRS and DS, instead on PSS/SSS when the cell is ON. The DS of the cell may be assumed to be quasi co-located with the CRS/PSS/SSS in terms of delay spread, Doppler spread, Doppler shift, average gain, and average delay by the UE.
Proposal 2: UE should attempt CRS detection/synchronization/RRM procedure if a cell is determined to be ON, and suspend CRS detection/synchronization/RRM procedure otherwise.
3 Conclusions
In this contribution, we discussed potential impact on UE RRM and synchronization procedures based on PSS/SSS/CRS when operating small cell on/off. 

Our observation and proposals are as follows:
Observation: DS and CRS may have better signal quality than PSS/SSS in a dense small cell deployment scenario.
Proposal 1: UE may synchronize to a cell using CRS and DS, instead on PSS/SSS when the cell is ON. The DS of the cell may be assumed to be quasi co-located with the CRS/PSS/SSS in terms of delay spread, Doppler spread, Doppler shift, average gain, and average delay by the UE.

Proposal 2: UE should attempt CRS detection/synchronization/RRM procedure if a cell is determined to be ON, and suspend CRS detection/synchronization/RRM procedure otherwise.
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