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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 procedures of small cell discovery and RRM for service switching over are required.    This paper discusses the required procedure for enabling small cell on/off to achieve transition time service switching below 40 ms..   

2. Motivation of Enhanced Procedure for Small Cell ON/OFF
Small cell on/off is a good interference mitigation scheme for dense small cell deployments.  Small cell on/off can improve the system capacity through interference mitigation when the cell switching transition time is below 40 ms.   The gain of system performance increases as the transition time decreases.    The typical transition time of service switching from one cell to another is currently in the range of hundreds of ms to seconds.   In order to reduce the transition time of service switching below 40 ms, all the procedures and measurements need to be done when the small cell is in the dormant state.  UEs are connecting concurrently to the serving cell and virtually to the dormant small cell, which is similar to the CoMP dynamic point selection scheme.   UEs could be switched over to the newly activated small cell and receive DL data in a short time since all measurements and channel tracking had already been done during the Pseudo-On state.   
A new discovery procedure is designed for UE to detect the existence of a neighboring small cell and complete procedures of measurement and channel tracking before the small cell is turned on.  The dormant small cell is considered to transition to a Pseudo-On state when it is in preparation of turning ON.  The UE is considered virtually connecting to the dormant cell concurrently as well as connecting to the serving cell.       New procedures for small cell ON/OFF include:
· New DL discovery signals are transmitted in configured subframes when a small cell is in the dormant state

· UE detection of small cells in the dormant state based on the new discovery signals.  

· New UE measurements, such as RSRP_Discovery, on the discovery signals for RRM and new mobility.   

· New trigger event for UE to report the discovery of dormant small cell based on new UE measurements.  

· New signaling procedure for UEs virtually connecting to the dormant small cell  

· New procedure to configure RS, such as CSI-RS, for the dormant small cell when it is identified as the potential serving cell.  

· Procedures to report CSI from both the serving cell and the dormant cell

· New procedures to wake up the dormant cell when DL traffic arrives

· New procedures to switch UEs from the serving cell to the newly woken up dormant cell.   

All these procedures are required to be specified in order to have fast transition time of UE switchover from serving cell to the newly active cell within 40 ms.                
3. Detail of Procedure Enhancement for Small Cell ON/OFF
The interference mitigation mechanism by small cell ON/OFF is that a small cell is turned off to reduce the interference to neighboring cells when data traffic are not served by the small cell and turned on when data traffic would be served by the small cell.   In dense small cell deployments, a UE could be covered by one or more small cells.  Turning small cell ON or OFF is a network control scheme for system operation and performance optimization.   Turning small cell OFF is mostly an eNB implementation issue.   To turn on the small cell and have UE under its service within 40 ms, new procedures in the specification are required.  New small cell ON/OFF procedures include triggering of small cell ON/OFF, CSI measurement and feedback when cell is at the dormant state, and service switching from the serving cell to the newly activated cell with details in the following,  
1. Triggering of small cell ON/OFF – The triggering of small cell ON/OFF is an algorithm in combination of network performance optimization, interference management, load balancing and network energy saving to determine whether a small cell should be on or off.       

A cell could determine to turn off in the following conditions,

· No UEs under its coverage 

· No data traffic to serve for those UEs under its coverage.

· Data traffic for those UEs under its coverage and would be best served by other cell in the neighborhood. This requires coordination among cells to have joint optimization of system throughput.   

· Others.
A cell is determined to turn ON from dormant state in the following conditions, 

· One or more UEs are moving under its coverage area

· Data traffic arrival for those UEs in DRX state under its coverage 
· Network control function determine to have the dormant cell serve those UEs under its coverage, who are currently served by neighboring cell   
· Others
To trigger small cell ON, additional information is fed back to the network as the reference for the decision of small cell ON/OFF.   The reference information for small cell ON is as follows,

· Detection of UEs in the proximity of a dormant cell – the detection could be achieved by defining a new discovery procedure to allow Rel-12 UEs to explicitly discover the dormant cell or by measurements by the dormant cell based on the detection of UEs’ UL signals.    

· New Discovery procedure - The new discovery procedure is to allow UEs to discover cells in the dormant state in addition to traditional cell search of active cells.  New discovery signals would be transmitted from the dormant small cell for UEs to discover.   Rel-12 UEs would perform both cell search of active cell and discovery of new discovery signals from dormant cell.   After UE discovering the dormant cell, a RSRP measurement and measurement report mechanism based on new discovery signals are defined as the reference measurement feedback to the network for triggering of dormant small cell ON.    

· Network detection of UEs’ UL signals – The dormant small cell could perform detection of UL signals from UEs from neighboring cells as shown in [3].  The dormant small cell can feed back the measurement report to the network (either serving cell or other entities in the network) as the reference for the triggering decision of small cell ON once it detects neighboring UEs’ UL signals with sufficient strength.  This proposal supports both Rel-12 UEs and legacy UEs.
Proposal 1: Detection of UEs in the proximity of a dormant cell could be achieved by defining a new discovery procedure based on new discovery signals transmitted by the dormant cell,  detection of UL signals by the dormant cell, or a combination of both.     
· Measurement event and measurement report mechanism – Both DL discovery signals and UL signals are measured autonomously by the UEs and the dormant cells respectively.  LTE RRM procedures are triggered by specified measurement events,  such as Event 1C for handover.   A new measurement event and measurement report based on new discovery signals needs to be specified as the triggering mechanism of small cell ON/OFF and cell switchover procedure.
Proposal 2: New measurement event and measurement reporting mechanism based on new DL discovery signals need to be specified for small cell ON/OFF and cell switchover procedure.
2. New signaling procedure for UEs virtually connecting to the dormant small cell - a dormant cell should move to Pseudo-On state before it is triggered to turn ON.   When a dormant cell moves to Pseudo-On state, the dormant cell is prepared to turn on and provide service to UEs.  The design of Pseudo-On small cell is to have UEs complete the desired physical layer procedures, such as measuring the CSI and tracking the channel of the dormant cell, and higher layer procedures, such as new configurations of CSI-RS and CSI feedbacks,  in preparation for turning on the dormant small cell.  Once the physical layer procedure and higher layer procedures from the dormant cell are complete, UEs will have concurrent connections to both the serving cell and the dormant cell in Pseudo-On state.   The transition time of service switch from serving cell to newly activated dormant cell is minimized.    The Pseudo-On small cell would have the following procedures,   

· New procedure to configure CSI-RS for the Pseudo-On small cell when it is identified as the potential serving cell.   Rel-12 UEs would be configured as concurrent connection to both serving cell and the dormant cell.   
· New QCL between CSI-RS and new discovery signals is specified for UE to perform channel tracking of Pseudo-On small cell.  
· New CSI feedback procedure is specified to have additional CSI report of Pseudo-ON small cell for preparation of service.   

Proposal 3: New procedures of CSI-RS configuration, QCL, and CSI feedback for the dormant cell are specified for the preparation of turning on small cell and switching service over from serving cell.
3. Procedures of UE’s service by the newly activated cell switching from the serving cell –  In order to reduce the transition time, the UE has performed CSI measurements/feedbacks and channel tracking of the dormant cell during Pseudo-On state.  Thus, UEs had virtual connection to the dormant cell when the dormant cell is in Pseudo-On state.   The serving cell could send the “activation command” and forward the DL data to the dormant cell to turn on once it receives the data traffic.   In the mean time, the serving cell would send a handover command to UE to complete the switchover.  Enhanced procedures are shown in Figs. 1 and 2.  
Proposal 4: Procedures of turning on small cell, service switchover, and data forwarding should be performed concurrently to minimize the transition time.   
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Figure 1: Enhanced procedures of small cell ON/OFF and servie switchover with small cell discovery based on UL signals 
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Figure 2; Enhanced procedures of small cell ON/OFF and service switchover with small cell discovery based on new DL discovery procedure
4. Conclusions

In this contribution, we analyze the enhanced procedures in detail for small cell ON/OFF in order to achieve service switch transition time within 40 ms.   We propose 
· Proposal 1: Detection of UEs in the proximity of a dormant cell could be achieved by defining a new discovery procedure based on new discovery signals transmitted by the dormant cell, detection of UL signals by the dormant cell, or a combination of both.     
· Proposal 2: New measurement event and measurement reporting mechanism based on new DL discovery signals need to be specified for small cell ON/OFF and cell switchover procedure.
· Proposal 3: New procedures of CSI-RS configuration, QCL, and CSI feedback for the dormant cell are specified for the preparation of turning on small cell and serve switchover from serving cell.
· Proposal 4: Procedures of turning on small cell, service switchover, and data forwarding should be performed concurrently to minimize the transition time.   
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