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1. Introduction

At RAN1#76bis meeting, new layer-1 (L1) procedures to reduce further transition time for small cell on/off were proposed [1] – [4] and the following conclusions were made based on [5].
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.
There are still several options which need to be further narrowed down. In this contribution, we describe the method to reduce further the transition time compared to the existing carrier aggregation (CA) activation/deactivation mechanism.
2. CA-Based Small Cell On/Off 
In this section, we present a small cell on/off scheme based on the existing CA mechanism, i.e., SCell activation/deactivation. Scenarios 2a/2b are considered as the scenarios applicable to small cell on/off with the assistance of small cell discovery as shown in Fig. 1. The feature of on/off is applied only to the small cell layer and UEs in the idle mode should be supported in the macro cell layer. 
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Figure 1 – Scenario for small cell on/off. 

In small cell on/off based on the existing CA, the following procedures are assumed. While the small cell on the SCell is in the off-state, the SCell remains de-activated for all the UEs. What is newly needed is to enable the UE to perform the measurement for both the on-state and off-state small cells, i.e., a discovery procedure signal(s) is needed. Once data traffic occurs, the UE is indicated by MAC signaling from macro cell to activate the SCell. The small cell is turned on at the same time to start to transmit the PSS/SSS, CRS, and PBCH. The UE performs synchronization, the RACH procedure, and CSI measurement before data transmission, which is regarded as a delay. Details regarding the design for the discovery signal are described in our companion document [6]. 
3. Method to Reduce Further Transition Time 
A dynamic small cell on/off without transition time was evaluated in [7] where the off-state small cell is immediately turned on for use when data traffic occurs. According to [7], the dynamic small cell on/off is found to provide larger gains compared to a six MBSFN subframe configuration since a delay to the data transmission does not occur. Therefore, in addition to suppression of CRS interference, reduction in the delay would be an important factor to improve the UE throughput performance. As described in Sect. 2, the transition time corresponds to a delay from traffic occurrence to data transmission, which mainly results from the RACH procedure, and CSI measurement. RACH procedure is not always needed if timing alignment (TA) is available. Therefore, we focus on the reduction in delay due to CSI measurement, which is 24 ms to 34 ms in the existing CA. In the existing SCell deactivation, the CSI is not available for the deactivated UE, and hence such a time is consumed for the CSI measurement after the reception of SCell activation command. On the other hand, if the UE remains activated for the SCell in order to enable the UE to perform CSI measurement, the small cell cannot be turned off since the UE relies on the CRS transmission every subframe. Therefore, in order to reduce further transition time, a new physical layer procedure is required modifying the existing UE behavior for the CA activation/deactivation. One simplest approach is to modify the SCell activation behavior so that the UE does not rely on CRS transmission when there is no data at the expense of backward compatibility. Instead of the CRS transmission, we suppose that time and frequency synchronization/tracking would be achieved using discovery signal or CSI-RS. Such a procedure is described below and also shown in Fig. 2. Main differences from the existing CA mechanism are indicated with underline.
· Step 1: The UE performs measurements for the small cell layer using the discovery signal.

· The discovery signal is transmitted from all the small cells in a burst manner with a relatively longer periodicity [6].
· Step 2: The UE is configured with an SCell and is also activated for the SCell according to the measurement reports (MRs).

· The UE performs CSI measurements/reportings for the configured SCell and also monitors the CRS and/or PDCCH/EPDCCH always or less frequently.

· The CSI-RS for CSI measurements is transmitted from all the small cells irrespective of whether the small cells are turned on or off.

· Unlike the existing SCell activation, the UE does not rely on CRS transmission, and thus time/frequency synchronization/tracking would be achieved using discovery signal and/or CSI-RS.

· Step 3: Once the UE detects the CRS and/or PDCCH/EPDCCH associated with the activated SCell, it initiates the DL data reception immediately.

· The UE is implicitly informed that the small cell is turned on by detecting CRC and/or PDCCH/EPDCCH.

· The small cell is turned on according to the arrival of a packet and starts to transmit the PSS/SSS, CRS, PBCH, PDCCH/EPDCCH, and PDSCH.
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Fig. 2 – Method to reduce transition time based on modified CA activation (periodicity of the PDCCH monitoring is 5 ms, periodicity of CSI-RS transmission is 10 ms, and periodicity of discovery signal transmission is 40 ms).

With this method, transition time can be reduced to 1 ms. In summary, what is addressed above is slightly modifying the UE behavior when activated. We also note that the SCell deactivation remains the same as that for Rel-10/11 CA. Therefore, if the UE power consumption is an issue and the delay is not a concern, the UE is indicated to be deactivated for the SCell.
4. Conclusion
In this contribution, we presented a method to reduce further the transition time for small cell on/off compared with the existing CA based mechanism. In this method, the UE behavior for SCell activation is modified so that the UE does not rely on the CRS transmission when the small cell is off. The UE is implicitly informed that the small cell is turned on by detecting the CRS and/or PDCCH/EPDCCH. In this method, since we assumed that time/frequency synchronization/tracking is achieved by discovery signal and/or CSI-RS, some feasibility study on this point might be needed.
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