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1. Introduction

In RAN#62, a new work item of small cell enhancement –physical layer aspects was agreed in RP-132073 [1].  The tasks are 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.
·  Spectrum efficiency enhancement with introduction of higher order modulation, i.e., 256QAM, in the downlink transmission, while keeping existing size of CQI feedback field and MCS indication.
·  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.

· Efficient radio interface based inter-cell synchronization, i.e. network listening, in single-carrier or multi-carrier operation, with specifying the down-selected solutions  
· Be able to support multiple stratum level beyond 3 hops, e.g. 4 to 6 hops. The number of hops configured in the network is dependent on scenarios.
· Improve the achievable synchronization accuracy based on existing RSs, e.g. by improving the hearability of received RS for network listening at the target cells
· It should be applicable to small cell on/off and eIMTA, and inter-operator TDD deployment in the same band
In order to support efficient operation with reduced transition time of small cell on/off to less than 40 ms, new DL discovery signals and discovery procedures would help the UE to discover the dormant small cell  in the proximity.    This paper discusses the consideration of DL discovery signals design and measurement for small cell ON/OFF.   
2. Analysis of Discovery Signals Design  
Small cells in the dormant state need to transmit a DL-SS/RS burst with low duty cycle for cell identification, coarse time/frequency synchronization, intra-/inter- frequency RRM measurement of cells and QCL.  The DL-SS/RS bursts considered as the discovery signal transmitted in dormant state in the study item are PSS/SSS/CRS, CSI-RS, PRS, modified SS/RSS or new discovery signal [2].  The legacy PSS/SSS/CRS are transmitted from a small cell in active state as usual so that the legacy UEs can search the active small cell.  The dormant small cells can transmit existing PRS or CSI-RS as the discovery signals with coordination of configuration.    If modified SS/RS or new discovery signals are specified for the dormant cell, the UE can effectively detect modified SS/RS or discovery signals of multiple small cells at the same time.  The modified SS/RS or new discovery cannot be used by legacy UEs.
The DL discovery signal design should have the following targets, 

· Dormant cell discovery – the primary purpose of DL discovery signals is to allow Rel-12 UEs to discover the dormant small cells, which is similar to cell search of active cells.   The design of PSS/SSS for cell search in Rel-8 is to have fast search at low SINR, e.g. -6 dB, in both synchronous and asynchronous networks.   Rel-11 PSS/SSS IC feature pushes the detection even further to support SINR at -9 dB.   The PSS and SSS sequences are chosen with good autocorrelation and cross-correlation properties in both synchronous and asynchronous reception.  Other DL-SS/RS, such as CSI-RS, PRS or modified RS, might have good autocorrelation and cross-correlation properties in synchronous reception.  However, they do not perform well when multiple discovery signals do not arrive aligned in time.  This will lead to limitation of dormant cell discovery at relatively higher SINR compared to that of PSS/SSS in both synchronous and asynchronous deployment scenarios.  If other DL-SS/RS are chosen as the discovery signals, it will impose a restriction to have network operate only in synchronous network deployment, which is very challenging in mixed outdoor and indoor small cell deployment scenarios.  One concern of current PSS/SSS for discovery signal is that the number of cell IDs at 504 is insufficient for dense small cell deployments.  If the extension of cell ID space is desired, a simple solution is to have new root sequences for PSS in addition to current 3 root sequences.   

Proposal 1:  PSS/SSS are used as the discovery signals for the dormant cells.   Additional PSS root sequences could be considered for PCI extension.   
· RRM measurements and reporting – UE will perform RRM measurements, such as RSRP, and report the RRM measurements back to EUTRAN after a dormant cell is detected.   RRM measurements are used for UEs’ cell selection and handover for cells in the active state.   RRM measurements would be used for determining small cell ON/OFF for small cell in the dormant state.   The criteria of discovery signal design for RRM measurements are as follows:
· Periodic transmission.    

· Density of discovery signals within a period of transmission should be sufficiently high for UE to average out the channel effects of fast fading and slow fading. 

Since the small cells will be in the dormant state, the duty cycle of each measurement period should be long for discovery signals designed for RRM measurements.  Dormant small cells would transmit the discovery signals in a short period of time and turn off for a long period of time (similar to UE DRX).    PRS, modified CSI-RS, and modified CRS are potential candidates for the discovery signals for RRM measurements.  
Proposal 2:  Discovery Signals for RRM measurement should have sufficient density within measurement period with long duty cycle between measurement periods.  
· Channel tracking and CSI measurements – UEs need to perform channel tracking and CSI measurements when the small cell is in the dormant state in order to reduce the transition time to less than 40 ms as discussed in [3].   The discovery signal design for channel tracking should have a duty cycle between measurement periods not too long to prevent UEs losing sync and having to rediscover the dormant cell.   The discovery signals should enable UEs to perform CSI measurements and be ready to feed them back to the network when the dormant cell is triggered to turn on.   
Proposal 3:  Discovery signals for channel tracking and CSI measurements should have duty cycle of measurement periods sufficiently short to prevent UEs losing sync with the dormant cell.   
3. Conclusions

In this contribution, we analyze the discovery signal design in order to support small cell ON/OFF with short transition time.   We propose the following,  
· Proposal 1:  PSS/SSS are used as the discovery signals for the dormant cells.   Additional PSS root sequences could be considered for PCI extension.   
· Proposal 2:  Discovery Signals for RRM measurement should have sufficient density within measurement period with long duty cycle between measurement periods.  
· Proposal 3:  Discovery signals for channel tracking and CSI measurements should have duty cycle of measurement periods sufficiently short to prevent UEs losing sync with the dormant cell.   
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