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1 Introduction
Small cell on/off can reduce the inter-cell interference and hence improve the system performance, especially in dense small cell deployments. Ideally, a small cell is of ON status only when it has traffic to transmit. Existing handover procedure, existing SCell activation/deactivation procedure, and potentially the dual connectivity procedure being designed in Rel-12 can be used for small cell on/off. Among the three procedures, SCell activation/deactivation is likely to provide best small cell on/off performance since the SCell can be activated or deactivated depending on whether there is DL traffic or not, and the latency of such activation/deactivation is expected to be smaller for the CA scenario compared to the dual connectivity scenario. On the other hand, the current SCell activation/deactivation latency is at least 24ms from deactivated state to activated state and 8 ms from activated state to deactivated state. It has been shown during the study item that small cell on/off can provide larger packet throughput gain if the transition latency can be further reduced. In this contribution, we discuss possible new L1 procedures such that the transition latency is lower than that of the existing SCell activation/deactivation procedure.
2 New L1 procedure for small cell on/off
The key elements of small cell on/off are two-folds: 1) a small cell should remain off as long as there is no packet to transmit; and 2) a small cell should start transmitting packet to a UE as soon as the packet arrives. 
In order for the UE to be able to receive DL packet as soon as possible, it can be considered for the small cell to indicate its’ on/off status to the UE. Once the UE is aware of the small cell’s on/off status, it can start monitoring PDCCH and receive PDSCH, subject to the UE’s DRX operation. Such small cell on/off indication can be done via L1 signaling, e.g. a periodically transmitted L1 signal. In order to reduce the inter-cell interference, the periodic L1 on/off indication signaling can also assume on/off keying. In other words, if the small cell transmits the signal, then it indicates that the small cell shall remain on until the next transmission instance of the L1 on/off indication signaling (subject to some latency). If the small cell does not transmit the signaling, then it indicates the small cell is off until the next transmission instance of the L1 on/off indication signaling (subject to some latency). Once the UE receives the L1 on/off indication signaling, the UE can start PDCCH monitoring and PDSCH reception. Theoretically, the periodicity of the L1 on/off indication signaling can be 1ms, which means once a packet arrives, the UE can start receiving the packet immediately (subject to the decoding latency of the L1 on/off indication signaling). Hence, this new L1 procedure can significantly reduce off-to-on transition latency of 24ms in the existing SCell activation procedure.
Proposal 1: A periodic L1 signaling with on/off keying is supported to indicate the on/off status of a small cell.

· If transmitted, the L1 signaling indicates that the cell is on until the next transmission instance of the L1 signaling

· Upon receiving the L1 signaling, the UE starts monitoring PDCCH until the next transmission instance of the L1 signaling

The UE needs to be in a non-DRX subframe to monitor the L1 on/off signaling. Hence, the interaction between DRX and L1 on/off signaling monitoring needs to be clarified. The following two approaches can be considered:

· Approach 1: A UE is configured with periodicity and subframe offset of the L1 on/off signaling. The UE monitors the L1 on/off signaling irrespective of its DRX configuration. This approach allows the UE to receive the packet as soon as it arrives at the eNB. However, it is expected that the UE power consumption is high depending on the periodicity of the L1 on/off signaling.

· Approach 2: A UE is configured with periodicity and subframe offset of the L1 on/off signaling. The UE monitors the L1 on/off signaling only when it is in a non-DRX subframe according to its DRX configuration. This approach maintains the UE power saving brought by DRX, but incurs larger off-to-on transition latency if the packet is arrived during the DRX duration of the UE.
Proposal 2: It is proposed to further study the interaction between DRX and L1 on/off signaling monitoring.

For the new L1 procedure to work, it is assumed that the small cell is already a serving cell to the UE. Hence the following should be assumed:
· The RRM measurements are available at the eNB. Note that the UE could update its RRM measurements based on the discovery signal.

· The UE is synchronized to the small cell in both DL and UL. The UE can maintain DL synchronization using the discovery signal. The small cell can issue TA command to UE to maintain UL synchronization.

· DL CSI may or may not be available, depending on whether the UE can perform CSI measurement during the cell off duration. This also depends on whether the small cell transmits the necessary signals during the cell off duration for DL CSI measurement at the UE side. Nevertheless, DL CSI is not pre-requisite in the proposed new L1 procedure, which aims to reduce the off-to-on transition latency.
The new procedure proposed in this section can be applied to both SCell and PCell. In case it is applied to SCell, there are not much additional specification efforts other than those related to proposal 1 and 2 above. In case it is applied to PCell, additional specification efforts in terms of supporting UE’s radio link monitoring during the cell off duration. 
3 Conclusions
In this contribution, we discuss possible new L1 procedure to reduce the off-to-on transition latency, with the following proposals:
Proposal 1: A periodic L1 signaling with on/off keying is supported to indicate the on/off status of a small cell.

· If transmitted, the L1 signaling indicates that the cell is on until the next transmission instance of the L1 signaling

· Upon receiving the L1 signaling, the UE starts monitoring PDCCH until the next transmission instance of the L1 signaling

Proposal 2: It is proposed to further study the interaction between DRX and L1 on/off signaling monitoring.
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