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1. Introduction
At the RAN WG1 #74bis meeting, following the RAN #61 Meeting's decision, Efficient operation to support semi-static small cell on/off was further evaluated and discussed. Based on the discussion, the following agreement was achieved: 
· Reduced transition time of small cell on/off can increase the performance

· RAN1 finds it beneficial to introduce the small cell on/off transition time reduction depending on the detailed scheme

· The enhancements for transition time reduction may include support of:
· Discovery and measurement enhancement(s) in DL in cell off state, potentially also in cell on state, and its usage in related procedures such as handover, CA activation/deactivation, and Dual connectivity (if supported), radio link monitoring

· Continue to investigate RAN1 related procedure of small cell on/off transition time reduction until RAN1 #75 meeting

In this contribution, we discuss the enhancement of discovery and measurement semi-static small cell on/off which focus on the DL discovery signal based solution.  
2. Enhancement for semi-static small cell on/off
The semi-static small cell on/off schemes can be supported by legacy procedures with transition time of a few hundred milliseconds (with only CA capable UEs connected to the cell) to a few seconds (for non CA capable UE case).  Based on the evaluation results, we already aggreed that it beneficial to introduce the small cell on/off transition time reduction. The time duration before a UE can use a just turned on small cell by existing procedures consists of cell detection, RRM measurement, RRC procedure delay, RACH procedure time and so on. Among them, cell detection and intra-frequency or inter-frequency measurement requires at least hundreds of milliseconds, because a UE cannot detect or measure the turned off cell. RRC procedure delay and RACH procedure requires tens of milliseconds

In order to reduce the transition time, both DL and UL based enhanced mechanisms were proposed.
For UL-based small cell on/off scheme, the small cell in an “off” state doesn’t need to transmit any signal. Instead, it would continuously monitor the UL transmission from the UE nearby. Once the off-state small cells detect the presence of the UE within its coverage area, those dormant small cells would be turned on. After turning on the small cells, a new measurement for those small cells must be performed for cell selection. Such a new measurement after turning on the small cell causes a longer delay to data transmission which is not good for transition time reduction.
For DL-based small cell on/off enhanced mechanisms, a discovery signal is transmitted even when the cell is under off state which enables UEs to detect this cell before it is turned on.  Moreover, the discovery signal could also be used for RRM measurement and report, so it is feasible to turn on only one small cell with best RSRP/RSRQ. In this case, additional measurement for cell selection after small cells been turned on is not necessary. Compared with UL-based mechanisms, the transition time as well as the average interference from signals targeting for RRM measurement is dramatically reduced by DL-based mechanisms. So we have our first proposal as follows:
Proposal 1: DL discovery signal based semi-static small cell on/off enhancement should be supported.
3. DL based discovery and measurement enhancement for Small cell on/off
To support discovery signal based small cell on/off, new measurement and procedure need to be define and investigated. As described above, the small cell transmits the discovery signal even under the off state which enables UEs to detect it. If the discovery signal could also be used for RRM measurement and report, it is feasible to turn on only one small cell with best RSRP/RSRQ. Otherwise, additional measurement for cell selection should be introduced for an intermediate state with multiple detected small cells been turned on which will increase the transition time. So the discovery signal based RRM measurement and report should be introduced.
To reduce the transition time and the complex, it's better to keep the same type of measurement between the small cell on and off state. So that the time period for the change of measurement type can be reduced. To achieve this, the discovery signal can be one subset of the RS (number of antenna ports and period) when the small cell is in on state. By doing this, the discovery signal based measurement can be directly used for DL transmission. So we have our second proposal as follows:
Proposal 2: it is better to keep the same type of measurement between the small cell on state and off state and design the discovery signal as one subset of the RS when the small cell is in on state.
Now we consider the reduction of the transition time for UL transmission after that small cell is just turn on. At this stage, the power control of initial UL transmissions should be implemented. By legacy mechanism, the power control of initial UL transmissions such as PUCCH, PRACH preamble and subsequent PUSCH transmissions is calculated based on a path loss estimate which depends on RSRP measure by CRS. However, CRS is not transmitted when the small cell is turn off. So discovery signal based power control of initial UL transmissions should be investigated. With the discovery signal based DL measurement approach to provide the path loss estimate for setting the power of initial UL transmissions in a cell that was in Off state, the transition time for UL transmission  will be greatly reduced. Here comes our third proposal as follows:
Proposal 3: To reduce the transition time of UL transmission, discovery signal based path loss estimation should be considered for the power control of initial UL transmission .
Now we consider the reduction of the transition time for handover procedure. In the basic handover procedure, after reception of the handover command, the UE attempts to acquire frame-level synchronization and initiate PRACH transmission at the next available PRACH occasion. By legacy procedure, when the small cell is just turn on, the UE need to wait until CRS and other synchronization signals are received to acquire frame-level synchronization, which adds to the transition time.

To reduce the transition time for handover, DL discovery signal based frame-level synchronization acquisition can be considered. Regarding to the PRACH procedure, if we can indicate a PRACH resource referred to the discovery signal of the small cell, the time period for RACH can be reduced. Based on the reception of the PRACH preamble by the small cell eNodeB which is just turned on, TA value cab be obtained for UL synchronization. So that the time period for UL synchronization is also reduced. So we have our fourth proposal as follows.
Proposal 4: To reduce the transition time of handover for small cell on/off, DL discovery signal based frame-level synchronization acquisition and the PRACH procedure can be considered. 
4. Conclusions

In this contribution, we discussed the DL discovery signal based semi-static small cell on/off enhancement. Based on the discussion, we have 4 proposals as follows:
Proposal 1: DL discovery signal based semi-static small cell on/off enhancement should be supported..
Proposal 2: It is better to keep the same type of measurement between the small cell on state and off state and design the discovery signal as one subset of the RS when the small cell is in on state. 
Proposal 3: To reduce the transition time of UL transmission, discovery signal based path loss estimation should be considered for the power control of initial UL transmission .
Proposal 4: To reduce the transition time of handover for small cell on/off, DL discovery signal based frame-level synchronization acquisition and the PRACH procedure can be considered. 
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