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1. Introduction 
Small cell enhancement is identified as one of the most important topics on R12 and onward. The mutual interference problem between the densely deployed small cells needs to be carefully handled to enable the efficient operation. Small cell on/off scheme is considered to be a promising way to handle the interference problem. In the RAN1 74th meeting, it is agreed to capture the description on the small cell on/off scheme, performance gains and standard impacts to the TR 36.872 [1]. The remaining issues on the small cell on/off within the PHY small cell SI [2] are as follows:
· Efficient operation with introduction of features needed to support semi-static small cell on/off mechanisms for interference avoidance and coordination among small cells adapting to varying traffic, including mechanisms to wake up off cells and the necessary measurement and procedure for efficient cell association under small cell on/off., with , focusing on connected mode enhancement 

· Enhanced mechanisms, procedures and measurements to assist adaptation with reduced transition time scales. 
· Efficient small cell discovery procedures with supporting small cell on/off in single-carrier or multi-carrier operation within a short time period, by enhancing the transmission and/or reception of existing SS/RS, including that of PSS/SSS/CRS, CSI-RS, and PRS
· Note: a small cell can also refer to a component carrier when more than one component carrier is available.

In this contribution, some further discussion on the mechanisms to support the semi-static small cell on/off scheme is presented in section 2. The conclusion is given in section 3.
2. Small cell on/off scheme
The small cell on/off schemes that can be supported by legacy procedures include semi-static on/off based on traffic load, UE association, and/or based on data burst with transition time of a few hundred milliseconds (when all UEs connected to the cell are CA capable) to a few seconds. In order to support faster transition for small cell on/off, enhanced mechanisms to assist the adaptation should be considered. 

Some DL/UL signaling based solutions [3] [4] have been discussed in previous meeting. However, the detailed design and procedure is yet not clear. 

2.1. DL signalling based solution

In this solution, when the small cell is  in an “off” state, the small cell will still periodically transmit some signals (so called discovery signaling) in some subframes to signal its  existence to nearby UEs, while in other subframes, the small cell will keep silent, i.e. no transmission of any signals. Once a new UE enters the coverage of the small cell, even though the UE is not served by this small cell, it could still detect the transmission of the small cell.  The UE could then report to the serving macro- cell or the other small cell that serves it with the information of the detected small cells. Such information could include the cell ID and received signal strength of the small cell, and possibly some other cell specific information. The macro-cell or other small cells in “on” states could collect such information from multiple UEs. They could then decide if this sleeping small cell needs to be turned on to serve the UE.

Regarding the discovery signaling transmission in the “off” state to facilitate the UE detection, it could be a signal modified from the existing signals in LTE such as reference signals or synchronization signals. The small cell could transmit some legacy signals such as CRS or synchronization signals but with longer period. In order to facilitate the detection of the small cell, the periodicity as well as the starting point (or the frame offset, for example, SFN offset)  of the synchronization signals of the small cell could be configured by the network and informed to the UE via higher layer signaling such as RRC signaling or system broadcasting messages.  In this case, the synchronization between the macro-cell and small cells should be assumed. Even the small cell is in an “off” state, the small cell could still maintain the synchronization with the macro-cell, and this can be realized by the backhaul delivery of timing message or network listening based solution. The UE could know the approximate timing of the subframes over which the synchronization signals from the sleeping small cell are transmitted and, thus perform detection in those subframes.  An example is shown in Figure 1. 
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Figure 1: An example of using longer PSS/SSS transmission period for cells in “OFF” state.
Meanwhile, the macro-cell may have some control on the activity of the serving UEs, so the macro-cell could provide assistance in helping the small cell setting proper periodicity of the synchronization signals. For example, the macro-cell observes a high traffic load, it would requires the sleeping small cells to transmit the synchronization signals for the purpose of detection with a shorter periodicity, so the sleeping small cells could have a high possibility to be detected by the UEs, and at the same time, saving the detection efforts from the UE.

Proposal 1:

· The configuration such as periodicity and starting point for the transmission of the  discovery signals should be informed to the UE for the detection purpose of small cell in an “off” state

2.2. UL signalling based solution

In this solution, the small cell that is in an “off” state doesn’t need to transmit any signal, instead, it would continuously monitor the UL transmission from the UE nearby to see if a UE enters its coverage area. It is beneficial to introduce the UL signaling based solution from the view point of the energy saving. For example, the small cell could completely turn off its DL transmitter when there is no traffic is needed. When the small cell detects the UE’s UL signaling transmission, it could be aware of the approaching of a new UE, then, it could turn on its DL transmitter and transmit the discovery signals to facilitate the UE detection.

 For this solution, a couple of issues needs to be resolved, which include:  what type of UL signals a small cell in “off” state should monitor and how does a small cell determine that a UE is within its coverage. As UL power control is performed in existing LTE system design, and the system and small cell do not know the actual transmit power at the UE, this imposes some difficulty for a small cell to assess if a UE is close to it based on only monitoring its UL transmission. In order to address this issue, some coordination between the cells could be considered. For example, the macro-cell could send the cell and UE specific SRS configuration to the small cell via backhaul linkage, the small cells could then perform the detection of the SRS transmission and check the received power from this UE and see if it is above or lower than a certain threshold.  If the received power is above the threshold, it means this UE is closer to the sleeping small cell.
Proposal 2:

· The UL signalling based solution could be a complementary solution to the DL signalling based solution to assist the transition
· Coordination between the cells should be considered to realize the UL signalling based solution
3. Conclusions

In this contribution, we present some further discussion on the mechanisms to support the semi-static small cell on/off scheme. Based on our analysis, we have the following proposals:
For the DL signalling based solution:

Proposal 1:

· The configuration such as periodicity and time/frequency resource of some existing signals or new discovery signals could be informed to the UE for the detection purpose of small cell in an “off” state

For the UL signalling based solution
Proposal 2:

· The UL signalling based solution could be a complementary solution to the DL signalling based solution to assist the transition

· Coordination between the cells should be considered to realize the UL signaling based solution
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