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1. Introduction

In RAN1#76bis, the following was agreed.
A DRS comprises following signals
· Both PSS and SSS are transmitted

· Additional reference signal(s) include CRS and/or CSI-RS
· FFS: Changing mapping of PSS/SSS, CRS, CSI-RS

Observation of possible functions of CRS and CSI-RS are as follows

· When only CRS is present

· Possible functions of CRS: RSRP/RSRQ measurements, carry cell identification information, can carry TP identification information only in case of non-shared cell ID scenario, CSI feedback (potentially for new L1 procedure)

· Open issue: TP identification in case of shared cell ID scenario
· When CRS and CSI-RS are present:

· Possible functions of CRS: RSRP/RSRQ measurements, , carry cell identification information, can carry TP identification only in case of non-shared cell ID scenario, CSI feedback (potentially for new L1 procedure)
· Possible functions of CSI-RS: RSRP/RSRQ measurements, can carry cell identification information, can carry TP identification information in shared/non-shared cell ID scenario, CSI feedback (potentially for new L1 procedure)

· Open issues:

· possible function split
· Note: It means that the same function is not supported by both CRS and CSI-RS for the same UE
· TP identification in case of shared cell ID scenario by CRS

· When only CSI-RS is present

· Possible functions of CSI-RS: RSRP/RSRQ measurements, can carry cell identification information, can carry TP identification information in shared/non-shared cell ID scenario, CSI feedback (potentially for new L1 procedure)
· Open issue: 

· whether/how to perform RSRP/RSRQ measurement per cell and per TP simultaneously

· For RSRP/RSRQ measurements, CSI-RS and CRS have different performance
· Note: There is at least one function per RS
Additional DRS functions are also agreed in RAN1#76bis in the following,

· Rel. 12 discovery signal should identify transmission point

· Rel. 12 discovery signal should facilitate small cell on/off
It was agreed that DRS will be down selected from the following options.

· Alt. 1: DRS is PSS/SSS/CSI-RS/CRS or PSS/SSS/CRS with configurable
· Alt. 3a: DRS is PSS/SSS/CRS

· Alt. 3b: DRS is PSS/SSS/CSI-RS
· Alt. 5: DRS is PSS/SSS/CSI-RS/CRS or PSS/SSS/CSI-RS with configurable
This paper discusses the DL discovery signals design for small cell ON/OFF.   
2. Analysis of Discovery Signals Design Criteria 
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 RRM measurements of DL discovery signals are required for UEs to perform mobility procedures in the dormant state for small cell ON/OFF.   DL discovery signals would also be used for channel tracking in order to have fast switchover.     

The DL-SS/RS bursts considered as the discovery signal transmitted in dormant state are PSS/SSS/CRS, PSS/SSS/CSI-RS, configurable between PSS/SSS/CSI-RS/CRS and PSS/SSS/CRS, or configurable between PSS/SSS/CSI-RS/CRS and PSS/SSS/CSI-RS.  Active small cells transmit legacy PSS/SSS/CRS as usual so that the legacy UEs can search for the active small cells.  
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, 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 would lead to higher SINR being needed for dormant cell discovery using these signals than using PSS/SSS in both synchronous and asynchronous deployment scenarios.  If such DL-SS/RS were to be chosen as the discovery signals, it would impose a restriction that the network operate only in synchronous network deployment, which is very challenging in mixed outdoor and indoor small cell deployment scenarios.  
The agreement in RAN1#76bis was that Rel-12 discovery signals should identify transmission point.  The objective of SCE-phy work item in [1] specifies “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”.   The common understanding of “Rel-12 discovery signals should identify transmission point” is to identify a cell with distinct cell ID [6].   
Proposal 1:  PSS/SSS are used as the discovery signals for the dormant cells for transmission point identification with each transmission point having a distinct cell ID.   
· RRM measurements and reporting – The 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 handover for RRC_Connected UEs for cells in the active state.   RRM measurements would be used for determining small cell ON/OFF for small cells in the dormant state.  The criteria of signal design for RRM measurements are as follows:
· Periodic transmission – In order to support UE mobility, signals for RRM measurements need to be transmitted periodically.  The period of transmission depends on the degree of UE mobility in the deployed small cells.       

· Reliable RRM measurements – The density of the signals within a period of transmission should be sufficiently high to enable reliable RRM measurements, while filtering out the short-term channel effects, such as fast fading and slow fading, and single out the coverage information, such as pathloss.  
Since the small cells will be in the dormant state with low UE mobility, the duty cycle of each measurement period should be long to minimize the interference to the neighboring cells. Dormant small cells should therefore transmit the signals for RRM measurements in a short period of time and then turn off for a long period of time (similar to UE DRX).    
Legacy UEs use CRS for RSRP/RSRQ measurements. Re-using CRS for Rel-12 would maximise the reuse of existing implementations, which would facilitate early deployment of the small cell on/off feature.  CRS are dense in each subframe and are transmitted periodically, with 1 ms period for FDD and at least 5 ms period for TDD.  It could also enable pre-Rel-12 UEs to measure the dormant small cells; for example, the DRX periods of RRC_Connected legacy UEs could be aligned with the “on” period of the CRS in order to enable UEs with active DRX to perform the measurements while the PSS/SSS/CRS are transmitted.  Legacy UEs could still measure CRS of the dormant cell in the “on” period while they are in service with their serving cell while DRX is disabled.  If the “on” period is long enough to get reliable RRM measurements, legacy UEs would think the “on” period of the dormant as an active small cell and trigger the handover procedure.    Although CSI-RS are transmitted periodically with sufficient density, legacy UEs do not perform RRM measurements based on CSI-RS, and use of these signals would have much greater implementation impact.    In order to minimize implementation impact and facilitate early deployment, CRS should be the signal for RRM measurements. 

Proposal 2:  Signals for RRM measurement should have sufficient density within the measurement period, with a long duty cycle between measurement periods.   RRM measurements of based on CRS would be reliable and maximise reuse of existing implementations.    
· Channel tracking and CSI measurements – Rel-12 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 signals should enable UEs to perform reliable CSI measurements and be ready to feed them back to the network when the dormant cell is triggered to turn on.   The discovery signals are also used for coarse time and frequency synchronization, cell/transmission point identification, RSRP/RSRQ measurements, and other purposes to enhance the measurements.  
The discovery signal design for channel tracking should have a duty cycle not too long to prevent UEs losing sync and having to rediscover and to re-synchronize with the dormant cell.   The candidate signals for channel tracking are PSS/SSS, CRS and CSI-RS.   The density of CRS is much higher than those of PSS/SSS and CSI-RS.  Moreover, legacy UEs used CRS for channel tracking.  Thus, CRS is an ideal candidate for channel tracking and CSI measurements.
Proposal 3:  Discovery signals for channel tracking and CSI measurements should have a duty cycle that is sufficiently short to prevent UEs losing sync with the dormant cell.   CRS is an ideal candidate as the signal for channel tracking and CSI measurements for both Rel-12 UEs and legacy UEs.
3. Discovery Signals Proposal

The proposed discovery signals for dormant small cells are PSS/SSS/CRS with an Active/DTX cycle.  In summary, the advantages of using PSS/SSS/CRS as the discovery signals for dormant small cells are as follows:
(1)  UEs could use the same mechanisms of cell detection, RRM measurements, and channel tracking for the active cells as for discovery of small cells.

(2) The accuracy of the RRM measurements and channel tracking using PSS/SSS/CRS is better than other candidate RS such as CSI-RS. 
(3) Rel-12 UEs in neighboring cells could perform CRS IC based on the Rel-11 feICIC feature.   
(4) Maximising reuse of existing implementations.     

The new discovery signals using PSS/SSS/CRS would not be transmitted continuously during the dormant state, in order to minimize the interference to other neighboring cells.  The discovery signals would be designed to have Active and DTX states when small cells are in the dormant state.    The characteristics of small cells in the dormant state are as follows,

(1) Discovery Signals are transmitted periodically – The transmission time, the length of active state, and the duty cycle of the discovery signals are configurable by the small cells.   The length of active transmission of discovery signals should be longer than required time for RSRP/RSRQ measurements for RRM.   The configuration of discovery signals will be informed to neighboring active cells.  All Rel-12 CONNECTED mode UEs will be informed by their serving cell on the configuration of the discovery signals of neighboring small cells in the dormant state.  

(2) No DL Broadcast/control channels are transmitted – Small cells in the dormant state do not intend to serve any UEs.   Any UEs could discover the existence of a small cell in the dormant state but could not connect to the dormant small cell due to no system information being provided by the dormant small cell.      

Rel-12 UEs are informed by their serving cell the configurations of discovery signals of any neighboring dormant cells through higher layer signaling (RRC signaling).    
Proposal 4: Discovery Signals are based on PSS/SSS/CRS with Active/DTX states.  The duty cycle of Active/DTX could be configured to match legacy UEs DRX configuration for legacy UEs discovery of a dormant small cell. 
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Figure 1: Discovery signals configuration to support Legacy UE with Discovery Signals DTX cycle matching UEs DRX cycles. 
4. 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 for transmission point identification with each transmission point having a distinct cell ID.   
· Proposal 2:  Signals for RRM measurement should have sufficient density within the measurement period, with a long duty cycle between measurement periods.  RRM measurements of discovery signals based on CRS would be reliable and maximise reuse of existing implementations.    
· Proposal 3:  Discovery signals for channel tracking and CSI measurements should have a duty cycle that is sufficiently short to prevent UEs losing sync with the dormant cell.   CRS is an ideal candidate as the signal for channel tracking and CSI measurements for both Rel-12 UEs and legacy UEs.
· Proposal 4: Discovery Signals are based on PSS/SSS/CRS with Active/DTX states.  The duty cycle of Active/DTX could be configured to match legacy UEs DRX configuration for legacy UEs discovery of a dormant small cell.
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