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1 Introduction 
One of the objectives of the work item on small cell enhancement is 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 [1]. The procedures for small cell on/off can use existing handover, CA activation/deactivation, or dual connectivity procedures. A new L1 procedure for activated SCell operating on/off may further reduce transition time. In RAN1#76b, the WF in [2] summaries the candidate solutions to the new L1 procedure for activated SCell to further reduce transition time:
· 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
And the following aspects should be clarified for both on and off states for each of the candidates:

· 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#76

Above aspects should also be clarified for any other procedures proposed for small cell on/off
In this contribution, we express our views on small cell on/off procedures.
2 Discussion
Transition time is a critical factor for the efficient operation of small cell on/off. To reduce the transition time, there are two main approaches: enhanced mechanisms supporting cell detection and RRM measurement and enhanced procedures allowing a faster on/off transition. According to [3], it was concluded that discovery reference signal (DRS) is beneficial to transition time reduction. DRS can be transmitted when the small cell is off and UE can perform the necessary measurements. Thus the additional measurement time after the small cell is turned on can be significantly reduced. However, whether a small cell transmits DRS during on state is still an open issue. If the small cell doesn’t transmit DRS during on state, UE would have to perform CRS-based RRM measurements during small cell on state and DRS-based RRM measurement during small cell off state. This will raise some issues. To begin with, the network would have to compare CRS-based and DRS-based RRM measurement results corresponding to different small cells. It may be an issue for the network to identify the small cell with the best channel quality. In addition, UE needs to know explicitly the small cell’s state to perform the corresponding RRM measurement. To avoid the issues, it is beneficial to transmit DRS regardless of the on/off state if DRS is configured for the small cell.
Proposal: DRS is always transmitted by the small cell regardless of the on/off state if DRS is configured for the small cell.
With enhancements on cell discovery and measurement by DRS, the transition time is greatly reduced already (to tens of milliseconds). In the following subsections, we consider small cell on/off using existing procedures and the possible enhancements.
2.1 Handover
It was agreed in RAN1#76 meeting that no new idle mode UE behavior is going to be specified in Rel-12  small cell enhancement WI. Thus handover is the only way available to the network operating on/off for UEs with single connection capability. The major delay in legacy handover procedure is the inter-frequency measurement. With the introduction of DRS, the measurement delay can be greatly reduced. However, due to the non-ideal backhaul latency and the time required for synchronization and RACH procedure, the transition time is not easy to be below 50ms [4].
To further reduce the transition times for handover procedure, DRX procedure can be used [5]
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 \* MERGEFORMAT [6]. UE stays in connected mode but in DRX when the small cell is off. Therefore UE can be served faster than the legacy handover procedure which is required to reestablish a connection.  Note that the DRX procedure is only applied per UE rather than per CC in SCell activation/deactivation. This reduces some flexibility in small cell on/off operation.
2.2 Carrier aggregation
Small cell on/off can also be supported by existing CA activation/deactivation scheme. In carrier aggregation, the switch of small cell on/off state can be done by sending the activation/deactivation command from PCell MAC Control Element. The transition times of CA activation/deactivation scheme are in the order of 24/8 ms (off-to-on/on-to-off). The transition times can be further reduced to 18/8 ms if latest CQI availability is not a requirement [7].
To further reduce the transition times, new L1 activation/deactivation signaling can be introduced to indicate SCell state [8] [9]. Another possibility is to reduce the activation time requirement, assuming DRS existence [8]. As described in TS 36.213 and TS 36.133, the activation delay can be in the interval of 8ms and 24ms. Thus it’s possible to reduce activation time to 10ms or less.
Whether a new L1 procedure is introduced to aid small cell on/off hasn’t been decided in RAN1 yet. From the above discussions, the transition time of existing CA activation/deactivation scheme can be quite short. According to the simulation results shown in [5], it seems that most of the system level gains of small cell on/off can be achieved with existing CA activation/deactivation scheme. The need to introduce a new L1 procedure for CA activation/deactivation scheme requires further study to justify the efforts and standard impacts.
Proposal: The need to introduce a new L1 procedure for CA activation/deactivation scheme requires further study to justify the efforts and standard impacts.
2.3 Dual connectivity
In dual connectivity, the cells associated with Mater eNB (MeNB) is called Primary Cell Group (PCG), and the cells associated with Secondary eNB (SeNB) is called Secondary Cell Group (SCG). The primary cells within PCG and SCG can be used to indicate the on/off state of the cells in each cell group, respectively (Current agreement in RAN2 doesn’t support MeNB to activate/deactivate cells associated with SeNB.). The procedures described in CA activation/deactivation scheme can mostly be applied. The remaining issue that has to be addressed is how to indicate the state of the primary cell in SCG. RRC signaling is one option to indicate the state of the primary cell in SCG [9]. However, due to non-ideal backhaul delay between MeNB and SeNB, the RRC signaling-based on/off operation in dual connectivity is not as fast as CA activation/deactivation scheme. To this end, a new L1 procedure can be considered to reduce the transition time of the primary cell in SCG for dual connectivity. The on/off indicator can be transmitted by the primary cell in SCG to avoid inter-eNB coordination delay.
Compared with CA, dual connectivity doesn’t require ideal backhaul, which provides for flexibility and application scenarios for small cell on/off. Considering the ideal backhaul between macro and small cell is not always feasible, the application scenarios for CA activation/deactivation scheme are rather limited.
Proposal: A new L1 procedure can be considered to reduce the transition time for dual connectivity.

3 Conclusion

In this contribution, we discussed the small cell on/off operation using existing procedures and the possible enhancements. And we have the following proposals.
Proposal:
· DRS is always transmitted by the small cell regardless of the on/off state if DRS is configured for the small cell.
· The need to introduce a new L1 procedure for CA activation/deactivation scheme requires further study to justify the efforts and standard impacts.
· A new L1 procedure can be considered to reduce the transition time for dual connectivity.
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