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1. Introduction

In RAN1#76bis, new L1 procedure for transition time reduction of SCell activation was discussed with the following conclusions,    
· Candidates for the new L1 procedure for activated SCell to further reduce the transition time includes at least followings

· Information on what UE can assume about the cell transmission is indicated to the UE

· Candidates for the indicator are

· DCI message

· Reference signal

· Active time within the DRX procedure 

· Enhanced CA activation/deactivation  command

· For the DCI message and reference signal candidates 

· Down-select whether the indication is sent on the serving SCell operating on/off, on the PCell 

· Down-select the value of the delay between the indicator and its corresponding first on subframe, within the range of 0 to 4 ms

· Define the number of consecutive on subframes associated with the indicator

· FFS: Whether the number of on subframes can be signaled with the indicator

· Maximum number of consecutive off subframes is less than periodicity of configured signals such as DRS or CSI-RS.

· For candidates based on active time within the DRX procedure

· Define whether there should be a separate DRX configuration for the serving cell operating on/off different from the DRX configuration on other serving cells not operating on/off

· Down-select timers related to DRX configuration to support on/off

· For off subframes, UE assumes that the cell transmits a discovery signal in some of the off subframes. 

Some aspects to consider for new L1 signaling for SCell activation to further reduce the transition time were also identified in RAN1#76bis 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 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#76bis meeting

· How to enable time/frequency tracking and automatic gain control at off to on transition

Above aspects can also be guidelines for any other candidates proposed for small cell on/off

2. Aspects of New L1 Signaling for Transition Time Reduction in Small Cell ON/OFF
A new L1 signaling is designed for UE to detect the existence of a neighboring dormant SCell, which is a small cell in the OFF state and associated with a PCell.  Consideration of new L1 signaling for transition time reduction in SCell activation/deactivation should be based on the existing mechanism of SCell Activation/Deactivation and the subsequent procedures before UEs could be served by the SCell.     
2.1.  New L1 signaling vs MAC control for SCell Activation

The activation/deactivation of SCells is through MAC control elements identified by a MAC PDU subheader with LCID.   The UE behavior after receiving MAC control elements is specified in [9] and [10] as follows:
· if the UE receives an Activation/Deactivation MAC control element in this TTI (subframe n) activating the SCell, the UE shall in the TTI according to the timing, which is no earlier than subframe n+8:

· activate the SCell; i.e. apply normal SCell operation including:

· SRS transmissions on the SCell;

· CQI/PMI/RI/PTI reporting for the SCell;

· PDCCH monitoring on the SCell;

· PDCCH monitoring for the SCell.
· start or restart the sCellDeactivationTimer associated with the SCell;
· trigger PHR.

SCell is activated at least 8 subframes after receiving MAC control element as specified in [10].  The delay of SCell activation is to confirm UE reception of SCell activation command on MAC header with consideration of HARQ and to allow sufficient time for both UE and eNB in signal processing and preparation. Current SCell activation is a reliable activation mechanism with acknowledgement from SCell activation message.  

A new L1 procedure for activated SCell to further reduce the transition time can include the indication to the UE on SCell activation as follows:   
· DCI message - Using a DCI message to dynamically indicate the small cell ON/OFF would give instantaneous information on small cell ON/OFF.  However, DCI messages are not as reliable as MAC control signaling which is protected by channel coding, HARQ, and closed-loop Ack/Nack feedback.  The transition time reduction using a DCI message is the HARQ time, which is from 8 ms to 40 ms with the penalty of 5% missed-detection of PDCCH.  
· Reference signal - If detection of a reference signal is used for the indication of small cell ON/OFF, the detection algorithm at the UE needs to be very sensitive and robust.  The channel conditions between PCell and SCell are not the same, in particular when PCell and SCell are not co-located.   The detection of a reference signal would be more complicated and less reliable than the detection of PSS/SSS.   
· Active time within the DRX procedure – If the active time is sufficiently long within the DRX procedure, the small cell ON/OFF timing could align with the timing of the UEs’ DRX cycle as proposed in [5].   The current RRM procedure and CSI feedback could be reused if small cell ON/OFF time is within the DRX procedure.  
· Enhanced CA activation/deactivation command – Current CA activation/deactivation is performed by a MAC control element, which contains a bitmap indicating activation/deactivation of any specific SCell, from any active cell (either PCell or active SCell).   The possible enhancement of CA activation/deactivation command to reduce the transition time includes
· Activation/Deactivation Now – The activation/deactivation procedure would start at the time when UE receive MAC control element of SCell Activation/Deactivation without waiting for Acknowledgement from the UE.   Activation/Deactivation Now method will be similar to use DCI message with less reliability.
· Combination of MAC control element and DCI message – UE will receive DCI message to indicate the SCell Activation/Deactivation with confirmation from MAC control element.  UE will expect the schedule of DL transmission from newly activated SCell right away but could send AcK or Nack back to eNB to confirm the SCell Activation/Deactivation.   If eNB receives Ack from the UE, eNB will continue the scheduling transmission to the UEs.  If eNB receives Nack from the UE, eNB will resend the MAC control element.   The combination of MAC control element and DCI message will reduce the transition time with additional reliability from Ack/Nack feedback of reception of MAC control elements. 
Proposal 1: Aligning the active time with the UE DRX procedure could be the default solution for new L1 signaling for SCell Activation/Deactivation.  Possible enhancement of PCell/SCell activation command is FFS.
2.2. Availability of DRS for RRM Measurements and Channel Tracking

UEs need to perform channel tracking and CSI measurements.  For dynamic small cell ON/OFF with the granularity of one or a few subframes, new methodologies of channel tracking and RRM measurements need to be specified.   There are two alternatives of channel tracking and RRM measurements to support dynamic small cell ON/OFF with ms granularity.

· Subframe-based channel tracking and RRM measurements – UE can not assume periodic transmission of RS for channel tracking and RRM measurements in order to support dynamic small cell ON/OFF in the granularity of one or a few subframes.  UE would perform subframe-level channel estimations and compensation, which include time, frequency, and Doppler estimation and compensation, and RRM measurements.   In order to achieve reliable performance in subframe-based channel tracking and RRM measurements, the number of reference signals would need to be high.   
· Independent RS configuration for RRM measurements and channel tracking – One alternative is to configure low-duty cycle periodic transmission of DRS for channel tracking and RRM measurements regardless of small cell ON/OFF status in order to support dynamic small cell ON/OFF in the granularity of one or a few subframes.  This option would not require high density RS design but higher overhead when small cell OFF period is long.    

Proposal 2: Channel tracking and RRM measurements have an impact on small cell ON/OFF design with the objective of minimizing the transition time and should be studied further.
2.3. Consideration of CSI Reporting in Dynamic SCell Activation

The availability of CSI reports in dynamic SCell Activation/Deactivation is critical for the system performance of the small cell ON/OFF feature.   The system performance gain of small cell ON/OFF features relies on the interference mitigation of dynamic small cell ON/OFF based on traffic arrival as well as link adaptation.   It is important to have CSI available when a small cell is activated and ready to serve the UE.  
The minimum performance requirements define the delay of UE reporting valid CSI no later than subframe n+24 for warm start and subframe n+34 for cold start upon receiving the SCell activation command in subframe n in [8].  If there is no reference signal received for the CSI measurement over the delay corresponding to the minimum requirements specified above, then the UE shall report corresponding valid CSI for the activated SCell on the next available uplink reporting resource after receiving the reference signal.  If there are no uplink resources for reporting the valid CSI in subframe n+24 or n+34 then the UE shall use the next available uplink resource for reporting the corresponding valid CSI.   In order to minimize the delay of reliable CSI information feedback to eNB, CSI needs to be periodically measured in a low-duty cycle independent of small cell ON/OFF status.  

Proposal 3:  CSI is periodically measured in a low-duty cycle independent of small cell ON/OFF status to support dynamic small cell ON/OFF in the granularity of one or a few subframes.  
3. Conclusions

In this contribution, we analyze the alternatives of new L1 signaling for small cell ON/OFF transition time reduction concluded in RAN1#76bis.  We propose: 
· Proposal 1:  Aligning the active time with the UE DRX procedure could be the default solution for new L1 signaling for SCell Activation/Deactivation.  Possible enhancement of PCell/SCell activation command is FFS. 
· Proposal 2: Channel tracking and RRM measurements have an impact on small cell ON/OFF design with the objective of minimizing the transition time and should be studied further. 
· Proposal 3:  CSI is periodically measured in a low-duty cycle independent of small cell ON/OFF status to support dynamic small cell ON/OFF in the granularity of one or a few subframes.  
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