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1. Introduction

One of the tasks in the small cell enhancement work item is to ensure efficient operation with reduced transition time of small cell on/off in single-carrier or multi-carrier operation, with enhanced discovery of small cells.  The enhanced operation procedure could be based on existing handover, CA activation/deactivation, or dual connectivity procedures. A new L1 procedure for activating SCell an operating on/off may be able to further reduce transition time depending on the detailed solution.
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

Observations 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 issues: 

· 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 were also agreed in RAN1#76bis as follows:
· 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.   
The following open issues of small cell on/off and discovery to reduce the transition time were identified since RAN1#76 :
· How to support DRS-based RSRQ-like measurements

· Potential RAN2 impacts to use the DRS-based measurements in handover, and carrier aggregation activation/deactivation, and dual connectivity procedure (being defined in RAN2)

· Investigate detailed solution(s) of new L1 procedure for activated Scell operating on/off that further reduces transition time
· Specify UE monitoring behavior when DRS(s) is configured for a UE, e.g., 

· Whether DRS can be transmitted when cell is on

· Under what condition(s) UE measurements are based on DRS, and/or CRS

· Whether (and how) cell On/Off states are explicitly informed to UE

· Which other signal(s) the UE can assume are transmitted in addition to PSS for enhanced cell discovery

· Details of network assistance/information provided to UEs for performing enhanced cell discovery
· Other aspects related small cell on/off and discovery include RLM, DRX are FFS
In addition, the RAN1reflector email discussion thread “[76-14] R1-141015 WF on transmission time reduction for small cell on/off” had proposals on aspects of enhanced procedures for further transition time reduction for small cell on/off as follows:
· Transition time between on/off states and the definition of transition time used

· On/off granularity, i.e., any minimum-on-time (after transition from off to on state) and minimum-off-time (after transition from on to off state) restriction

· Assumptions on data availability/location (e.g., at eNB MAC buffer)

· Assumptions on CSI availability

· Assumptions on TA availability

· Assumptions on SCell status (activated or deactivated) when applicable

· Assumptions on DRX status (for example, no DRX configuration )

· Assumptions on PDCCH or EPDCCH reception at UE

· Assumptions on the availability of RRC RRM measurement (RSRP/RSRQ) at eNB 

· Preferred criteria to trigger on/off transitions

· Specification impacts including any new UE behaviours/procedures needed, in addition to those already agreed until RAN1#76

This paper discusses the open issues and aspects of enhanced procedure to minimize the transition time for small cell on/off.   

2. Discussion of Procedures Enhancement for Small Cell ON/OFF
We discussed the procedures in detail for transition time reduction for small cell ON/OFF in [3].  A new discovery procedure is designed for UEs to detect the existence of a neighboring small cell and complete procedures of measurement and channel tracking before the small cell is turned on.   New procedures for small cell ON/OFF include Triggering of small cell ON/OFF, signalling procedure to have UEs virtually connecting to the dormant cell, and fast switchover as traffic arrives.    The triggering of small cell ON/OFF includes detection of UEs in the proximity of a dormant cell, new discovery procedure of a dormant small cell, and new measurement event and measurement reporting mechanism based on DRS.  

Enhancements of small cell ON/OFF procedures are based on existing handover, CA activation/de-activation, and dual connectivity procedures.   We discuss those open issues identified in RAN1#76 below.
· Potential RAN2 impacts to use the DRS-based measurements in handover, and carrier aggregation activation/deactivation, and dual connectivity procedure (being defined in RAN2) – 
DRS-based measurements is another measurement, similar to legacy RSRP, RSRQ measurements, used for handover or carrier aggregation activation/deactivation event trigger.   The only difference is the threshold configuration defined for triggering of measurements events.   If DRS is based PSS/SSS/CRS as in [4], DRS-based measurements are the same as legacy measurements from the RAN2 perspective. 
Proposal 1: DRS-based measurements could be used directly for RAN2 measurement event for triggering of handover and SCell activation/deactivation.
· Specify UE monitoring behavior when DRS(s) is configured for a UE, e.g., 

· Whether DRS can be transmitted when cell is on

· Under what condition(s) UE measurements are based on DRS, and/or CRS

It was agreed that DRS contains PSS with additional RSs.   DRS is designed for UEs to monitor and perform detection, RRM measurements and channel tracking of dormant small cells as detailed in [3]
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[4].   DRS monitoring is necessary when a small cell is in the dormant state.   If DRS is based on PSS/SSS/CRS as in [4], it would anyway be transmitted when the small cell is ON, and the only difference from the OFF state would be that there would be no DTX cycle for these signals.  
Proposal 2: DRS should be designed as PSS/SSS/CRS with a DTX cycle, and therefore the same signals are transmitted without the DTX cycle when the small cell is ON.

· Whether (and how) cell On/Off states are explicitly informed to the UEs – 
Since small cell ON/OFF is configurable by EUTRAN, the small cell ON/OFF states and associated configurations, such as DRS configurations, should be informed to neighboring cells’ UEs by their serving cell explicitly through RRC signaling.  Explicit notification of small cell ON/OFF states would increase the efficiency of small cell ON/OFF and reduce transition time.  

Proposal 3:  Small cell ON/OFF states and associated DRS configurations in the dormant state should be informed to neighboring cells’ UEs explicitly.   

· Details of network assistance/information provided to UEs for performing enhanced cell discovery
As discussed in [3], network assistance/information includes small cell ON/OFF state, and DRS configuration.   While a small cell is ON, UEs could detect the small cell using the current cell discovery procedure.    Network assistance information can be provided to UEs in the neighboring cells when a small cell is about to turn off, and to inform UEs that a small cell is in the dormant state to help UEs to discover the small cell when they are moving toward the small cell.   The discovery signal configuration includes the starting transmission time, the transmission duration, and duty cycle of the discovery signals.   The discovery signal configuration should also include the QCL information with other RS to assist UEs perform channel tracking and channel compensation for some measurements, such as CSI.   
Proposal 4: DRS configuration should be provided from eNB to UEs,  including the starting time of transmission, transmission duration, transmission cycle, and QCL with other RS.  
·  DRX -
A UE is configured with DRX for battery saving when no service is provided.   UE battery consumption is critical.   Thus, UE DRX should be part of design in the small cell ON/OFF transition time reduction.  
Proposal 5: UE DRX should be considered in the system design of the small cell ON/OFF transition time reduction.  
· Transition time between on/off states and the definition of transition time used
The system performance gain from small cell ON/OFF operation is from mitigation of interference to other cells when no traffic is arriving.   If no data would be served by a small cell, the small cell would turn off to minimize inter-cell interference.   If data is best served by a cell in the dormant state, small cell would turn on and provide service.   The transition time is the time interval between EUTRAN receiving data for UEs and the time at which UEs are ready to be scheduled by the cell waking up from the dormant state.  
Proposal 6:  The transition time to be used for comparison of small cell ON/OFF procedures is the time interval between EUTRAN receiving data for a UE and the time at which the UE is ready to be scheduled by the cell waking up from the dormant state.  
· On/off granularity, i.e., any minimum-on-time (after transition from off to on state) and minimum-off-time (after transition from on to off state) restriction
The duration of on-time for a small cell should be the minimum time required for reliable RRM measurements.   Reliable RRM measurements are used for triggering of turning on small cells from the dormant state and handover.   Reliable RRM measurements need to be long enough to filter out fast fading and slow fading channel effects to avoid ping-pong effect of small cell ON/OFF and handover as indicated in [4].   The duration of off-time should not be shorter than the on-time, to minimize the inter-cell interference.  
3. Conclusions

In this contribution, we analyze the open issues for small cell ON/OFF transition time reduction concluded in RAN1#76bis and RAN1#76.  We propose: 
· Proposal 1: DRS-based measurements could be used directly for RAN2 measurement event for triggering of handover and SCell activation/deactivation.
· Proposal 2: DRS should be designed as PSS/SSS/CRS with a DTX cycle, and therefore the same signals are transmitted without the DTX cycle when the small cell is ON.
· Proposal 3:  Small cell ON/OFF states and associated DRS configurations in the dormant state should be informed to neighboring cells’ UEs explicitly.  
·  Proposal 4: DRS configuration should be provided from eNB to UEs, includinges the starting time of transmission, transmission duration, transmission cycle, and QCL with other RS.  

· Proposal 5: UE DRX should be considered in the system design of the small cell ON/OFF transition time reduction.  
· Proposal 6:  The transition time to be used for comparison of small cell ON/OFF procedures is the time interval between EUTRAN receiving data for a UE and the time at which the UE is ready to be scheduled by the cell waking up from the dormant state.
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