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1. Introduction

At the RAN1#77 meeting, the way-forwards regarding new Layer-1 (L1) procedures to reduce further the transition time for small cell on/off were discussed [1] – [2] and the following conclusion was reached.
Agreement:

· Minimize RAN2 impact by small cell on/off transition time reduction in addition to DRS-based measurement

During the e-mail discussion held after the meeting, there were also agreements related to the UE behavior for deactivated SCells as follows.

· 1) A document summarizing all the proposals for transition time reduction which can then act as a guidance for the next RAN1 meeting.
· 2) An agreement on UE expectations on what signals are transmitted when an SCell is deactivated and DRS are configured:
· If a UE is configured with DRS based measurement for a serving SCell that is deactivated, the UE shall not assume transmission of PSS/SSS/PBCH/CRS/CSI-RS from that SCell, except for DRS transmissions until the subframe wherein the activation command is received at the UE.
· FFS MBMS on this SCell.
· FFS further reduction of CRS in an activated SCell.
· 3) Observations on further reduction of transition time for small cell on/off:
· The number of subframes of CRS needed before decoding the first (E)PDCCH/PDSCH needs further study.
· For fine time and frequency tracking, a periodicity of CRS in one subframe in a 5 ms interval was considered sufficient. Further reductions in periodicity may be possible for small cells. Specific values are FFS.
The UE behaviors for the activated SCell to actualize faster cell on/off remain undecided and are still being discussed for the completion of the work. In this contribution, we describe a method to reduce further the transition time compared to the existing carrier aggregation (CA) activation/deactivation mechanism. We first focus the discussion on the method for on-duration of discontinuous reception (DRX) or the method for non-DRX configuration. Then, we extend the discussion to the case for off-period of DRX. 
2. Method to Reduce Further Transition Time 
Dynamic small cell on/off without transition time was evaluated in [3] where the off-state small cell is immediately turned on for use when data traffic occurs. According to [3], 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 suppressing the CRS interference, reducing the delay would be an important factor to improve the UE throughput performance. Herein the transition time is referred to as a delay from traffic occurrence to data transmission, which mainly results from the RACH procedure, and CSI measurement. The RACH procedure is not always needed if timing alignment (TA) is available. Therefore, the methods to reduce further the transmission time, which is 24 ms to 34 ms in the existing CA, have been intensively discussed and candidate methods are summarized in [4]. Among reduction methods, there are implicit and explicit on/off indication methods. We have a slight preference toward implicit indication methods since small cell on/off can be operated within the SCell. However, regardless of the on/off indication method, the UE behavior for an activated SCell is similarly impacted. In this document, we describe the UE behavior for the implicit on/off indication for an activated SCell that would have some impact on the current specification. 

2.1. On-Duration of DRX or Non-DRX Configuration
We first present the case when the UE is in the on-duration of DRX or is not configured with DRX. When the UE is activated for the SCell, the small cell cannot be turned off since the UE relies on the CRS transmission every subframe. Therefore, in order to reduce further the transition time, a straightforward approach is to modify the SCell activation behavior so that the UE does not rely on the CRS transmission when there are 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 the discovery signal or CSI-RS. Such a procedure is described below and shown in Fig. 1. The 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 small cells in a burst manner with a relatively longer periodicity.
· Step 2: The UE is configured with an SCell and is activated for the SCell according to the measurement reports (MRs).

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

· The CSI-RS for CSI measurements is transmitted from all 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 is achieved using the discovery signal and/or CSI-RS.

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

· The UE is implicitly informed that the small cell is turned on by detecting the 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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Figure 1 – 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).

Using this method, the transition time can be reduced to 1 ms. In summary, when the UE is in the on-duration of DRX or is not configured with DRX, the UE shall not assume the PSS/SSS/PBCH/CRS except the CSI-RS/DRS (and CRS used for PDCCH detection if needed) until the subframe where the UE detects the E/PDCCH on the SCell or explicit signaling on the PCell. After the UE detects the ‘on’ indicator, the UE behavior is the same as the legacy UE behavior for the activated SCell.

We note that the SCell deactivation remains the same as that for Rel-10/11 CA other than the DRS reception. 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.
2.2. Off-Period of DRX
When the UE is in the off-period of DRX, the UE does not know whether the small cell is the on-state or off-state due to a lack of on/off indication. Therefore, when small cell on/off is extended to the case of the off-period of DRX, the need for a new UE behavior for the off-period of DRX should be discussed. In our view, when a small cell is in the off-state during the off-period of DRX, the UE should not assume any DL transmissions except the DRS and/or CSI-RS transmission. It should be then discussed when such a new behavior is applied. For example, such a new UE behavior is always applied to all Rel-12 UEs. Another example is that when the UE is configured with the DRS, the above UE behavior for the off-period of DRX is assumed. We prefer the latter case since small cell on/off is applied together with the DRS configuration. Furthermore, it should be discussed whether the UE can assume the presence of the CRS in X subframes before the first on-duration subframe of the DRX. However, we consider that such an assumption would not really be helpful in reducing the transmission time. In summary, when the UE is in the off-period of DRX, the UE shall not assume the PSS/SSS/PBCH/CRS except the CSI-RS/DRS. In this way, the impact on the specification and possibly UE implementation can be minimized.
The UE behaviors when the small cell is in the off-state are summarized in Table I. According to the above discussion, we propose the following.

Proposal: 
· If a UE is configured with DRS based measurement for a serving SCell that is activated, 
· A UE in the on-duration of DRX shall not assume the PSS/SSS/PBCH/CRS except the CSI-RS/DRS (and CRS used for PDCCH detection if needed) until the subframe where the UE detects the E/PDCCH on the SCell or explicit signaling on the PCell 
· After the UE detects the ‘on’ indicator, the UE behavior is the same as legacy UE behavior for the activated SCell.

· A UE in the off-period of DRX shall not assume the PSS/SSS/PBCH/CRS except the CSI-RS/DRS.

Table I – UE Behaviors When Small Cell is Off
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3. Conclusion
In this contribution, we presented a method to reduce further the transition time for small cell on/off. The UE behavior for an activated SCell must be modified so that the UE does not rely on the CRS transmission when the small cell is off. We considered faster small cell on/off based on implicit on/off indication, i.e., the UE is implicitly informed that the small cell is turned on by detecting the CRS and/or PDCCH/EPDCCH. Using this method, we propose the following UE behaviors when the small cell is in the off-state. 
Proposal: 

· If a UE is configured with DRS based measurement for a serving SCell that is activated, 

· A UE in the on-duration of DRX shall not assume the PSS/SSS/PBCH/CRS except the CSI-RS/DRS (and CRS used for PDCCH detection if needed) until the subframe where the UE detects the E/PDCCH on the SCell or explicit signaling on the PCell 

· After the UE detects the ‘on’ indicator, the UE behavior is the same as legacy UE behavior for the activated SCell.

· A UE in the off-period of DRX shall not assume the PSS/SSS/PBCH/CRS except the CSI-RS/DRS.
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