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1 Introduction
During the RAN1#72bis meeting, it was agreed that the candidate techniques for interference avoidance/coordination in small cell deployment scenarios are as follows [1]:
· Small cell on/off

· A small cell can also refer to a component carrier when more than one component carrier is available
· Note that this work will continue under this SI, with the findings being taken into account in NCT WI later. 
· Enhanced power control/adaptation (for both downlink and uplink)
· Enhancement of frequency domain power control (e.g., RNTP) and/or ABS to multi-cell scenarios, including consideration of EPDCCH

· Load balancing/shifting (including cell association) 

· Coordinated scheduling and beamforming with non-ideal backhaul

Except beamforming, majority of all techniques mentioned above are related to the downlink transmit power control. 
RAN1 furthermore concluded that following further studies are required for each of the techniques:
· Feasible time scale (i.e., how fast or slow the technique is applied)
· Performance analysis/gain

· Necessary enhancements of mechanism and procedure, and additional measurements to help the network decision

· Consideration on its potential impacts on other system performance, for example, coverage, increased handover and signaling, energy consumption, possible impact on IDLE mode UEs 

In this document, we discuss the techniques based on downlink power control with focus on the feasible time scale of the power control modification.
2 Discussion
The candidate solutions based on downlink transmit power control can be classified in the following way with regard to UE mobility impact.
1) Power control without mobility impact
The small cell UE maintains the connection to the serving small cell even when the downlink transmission power is adapted. It is therefore important that the UE is always able to receive downlink control channels in order to maintain connectivity. The transmission power adaptation can on general be conducted in time and/or frequency domain. LP-ABS/ZP-ABS and RNTP based solution belong to this class of techniques. In case of LP-ABS or ZP-ABS, certain subframes are used with reduced downlink transmission power or blanked, respectively. In case of RNTP, certain resource blocks are used with lower or zero transmission power than the remaining resource blocks. The difference between these two techniques is basically given by answering the question whether the downlink transmission power fluctuates in time or frequency domain. 
The time scale of the transmission power modification is in general the same for both time and frequency domain adaptation and should correspond to the time scale of traffic load fluctuations. In case of non-ideal backhaul, the additional impact of backhaul delay and capacity restriction has to be taken into account as well.
2) Power control with mobility impact
Downlink transmission power control can be performed on all time/frequency resource including majority of downlink control channels. Whether physical downlink channels relating to the mobility such as PSS/SSS/CRS/discovery signals are adapted as well in terms of transmission power would be a characteristic of certain strategy variation and has to be discussed and evaluated in detail. The affected UEs need to perform cell re-association based on mobility measurements in order to avoid loss of connectivity. Dormant mode operation and adaptive cell association for load balancing/shifting are for example classified as such a solution. 
The time scale of the downlink transmission power control modification depends on the type of small cell described in the following:
(a) Cells supporting both connected and idle UEs
These are cells in BCT. All associated idle UEs need to finish cell reselection toward neighbour cells before turning off the cell. If it is not frequent, abrupt turning off is one option but paging is failed in these cases. In order to avoid this, to update the system information is necessary. In order to switch on the cell, neighbour cell's system information need to be updated in order to reselect toward this new switch-on cell. Therefore, the time scale is limited by the order of the system information update.. The time scale of power adaptations would be in the order of an hour. This is backward compatible operation for all UEs.
(b) Cells supporting only connected UEs
Such a cell does not handle idle UEs. The cell might be an NCT. All corresponding connected UEs need to finish the mobility measurement and perform handovers to other cells before turning off the cell.  The similar is true after switching on the cell as well. Reducing the downlink transmission power before performing mobility procedures is expected to cause severe HOF/RLF rates. The time scale of such a kind of power control would be in the order of seconds.
(c) Cells supporting only UEs with dual-connectivity

The time scale of the power control would be in the order of some hundreds of milliseconds since the dual-connectivity UE could keep the connection to macro cell while associated to a small cell. 
(d) Cells supporting only SCell in case of carrier aggregation (CA) or multiple CSI reporting for CoMP

CA capable UEs can permanently monitor the activated SCell quality, and CoMP capable UEs can monitor the CSI-RS quality of different transmission points for corresponding to multiple CSI processes. The mobility could be transparent if the backhaul is assumed to be ideal. The time scale of the power control would be in the order of milliseconds, since these UEs can adapt very fast to short-term channel quality changes due to transmission power adaptations.
We don't think all schemes described are mutually exclusive. Different schemes have different applicability and different use cases. Therefore, we don't think it is necessary to select only one scheme. On the other hand, to have totally independent solutions for each use case would increase the complexity of the system. Therefore, some kind of the integration would be useful. These need further discussion.
3 Summary
We categorized small cell interference mitigation based on downlink power control with respect to the mobility impact and modification time scale perspective. Different techniques have different use cases. Some kind of the integration of the scheme would be useful.
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