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Discussion
1
Introduction

In RAN1-72bis, the following downlink interference avoidance/coordination methods are proposed:

· small cell DTX

· carrier selection

· eICIC (possibly with enhancements)

· downlink power adaptation

· cell selection enhancements

· Uplink methods are mainly concerned with power control modification
In this contribution, we focus on the power control for interference avoidance of small cells, including dynamic downlink power setting and enhanced uplink power control.  
2
General design considerations
In small cell deployments, the inter-cell interference between macro cell layer and small cell layer, and the interference among small cells should be studied. The issues we are facing in small cell deployments include:
· Interference caused by imbalanced power: As the small cells are under the coverage of macro cells and the small cell is lower power node compared with the macro cells, the UEs in small cells will suffer strong interference from macro cell.
· Imbalanced traffic load: The traffic load is imbalance as small cells and macro cells have different ranges of coverage. 
· Interference fluctuations: some scenarios may led to interference fluctuations such as small cells switching on/off dynamically, high rate of hand over by load shifting or the UEs in cell edge allocated more resource and higher power. 
The proper power control algorithm combined with other interference avoidance/coordination methods can reduce the inter-cell interference, increase the overall performance of networks, and ensure the required QoS. In this contribution, we propose the enhanced power control, aiming at reducing the interference caused by high transmit power of UEs, or traffic load imbalance.
3. Power Control for Interference avoidance 
3.1 Uplink Power Control
While based on current power control scheme, in order to guarantee the QoS of UEs with low SINR, the network may increase the transmit power of these UEs. However, the higher power will bring in strong interference to the neighboring cells, consequently, the interfered UEs have to increase the transmit power also. As a result, the inter-cell interference will be more severe in the overall networks. The enhanced power control needs to be considered to reduce the inter-cell interference caused by high transmitting power.
Power Control Based on IOT
This method ensures that the IOT of the cell cannot exceed the threshold. High IOT means the UEs have to increase the transmit power to meet the required SINR target which will bring strong interference to its neighbouring cells, especially for the UEs in cell edge. 
Firstly NBs perform measurement of IOT, when it is larger than a predefined value, the NBs select the UEs which are in cell edge by comparing the RSRP report, and then limit the maximum allowable uplink transmit power to a smaller value for these UEs.  

The maximum power can be adjusted dynamically according to the IOT of the serving cell, and the adjusted step may be related to the IOT value and UEs’s location information (RSRP). 
Obviously, the power limitation impacts the performance of the adjusted UEs, but the interference will be reduced, and it will benefit to the overall performance.
Proposal 1: Dynamically adjust the maximum allowable uplink transmit power based on IOT will reduce the inter-cell interference overall. 
Power Control Based on Pathloss
The method considers classifying the UEs into different groups based on the measurement of pathloss. Each group has different allowable power, for those UEs with high pathloss are considered to locate in cell edge and will potentially cause dominant interference to the neighboring cells, so these UEs should be limited to a lower level of transmit power in order to lessen the interference.
The power limitation can be based on pathposs and the load information from the neighboring cells. For example, set the initial maximum value for different groups; when the cell receives overload indication or high interference indication from its neighboring cells, the allowable power should be adjusted to a lower value.
In this method, both the UEs’ pathloss and the interference condition of the neighboring cells are taken into account, and it is applicable to both macro cells and small cells. 
Proposal 2: Dynamically adjust the maximum allowable transmit power of the potential interfering UEs based on UE location and load information from neighbouring cells .
3.2 Dynamic Downlink Power Setting 
Similar as uplink, the limiting power scheme can also be adopted for downlink. Two options below are suggested, the scheme of power setting for load shifting is adjusting/limiting the power from cell level, and power allocation based on UEs’ pathloss is limiting the power from UE specific level. 
Power setting for load shifting
The cells with high traffic load will cause strong interference to its neighboring cells, because the UEs which camped on such cells have to receive data with more resources (more PRBs and more power) to reach the required SINR target. By reducing the cells’ transmit power can trigger the UEs in cell edge handover to other cells. In this way, the load is maintained at a reasonable level and the interference is decreased consequently.  
Considering that adjusting the downlink transmitting power of cells has large impact on the coverage, e.g. causing coverage holes when reducing the transmit power, or power interference when increasing the power, it is only applicable for small cells used for hotpot coverage. This scheme can use the power efficiently, but frequently handover may also lead to higher dropping rate and degrading the performance of UEs in cell edge, so the proper step and time scale of adjusting should be carefully designed.
Proposal 3: Adjusting/limiting the small cells’ transmitting power based on traffic load can do load shifting and reduce the interference if proper step and time scale are adopted
Power Allocation Based on UEs’ pathloss
The criterion for grouping the UEs is same as uplink, the difference is limiting/adjusting the maximum power even through more PRBs are scheduled. 
Proposal 4: Adjust/limit the UEs’ downlink transmitting power based on pathloss even more PRBs are scheduled.
4. Conclusions and Recommendations
In this contribution, we analyse the enhanced power control schemes to reduce the interference in small cell deployments, focusing on two point, one is limiting the maximum power for some UEs, and the other is the maximum power can be adjusted dynamically. The detailed procedure like the step, time scale, the co-ordinance with other functionality such as scheduling are based on further simulation and implementation. In summary, the following suggestions are proposed.  
Proposal 1: Dynamically adjust the maximum allowable uplink transmit power based on IOT will reduce the inter-cell interference overall. 
Proposal 2: Dynamically adjust the maximum allowable transmit power of the potential interfering UEs based on UE location and load information from neighbouring cells .
Proposal 3: Adjusting/limiting the small cells’ transmitting power based on traffic load can do load shifting and reduce the interference if proper step and time scale are adapted.
Proposal 4: Adjust/limit the UEs’ downlink transmitting power based on pathloss even more PRBs are scheduled.
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