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1. Introduction
Interference reduction has been identified as an important SON use case in [1]. Expected improvements relate to capacity and service quality. 

In the introductory text to this use case in [1] currently only interference reduction by switching off unneeded cells is mentioned - a measure which is also treated in the energy savings use cases. However, further options exist to reduce interference, such as the DL transmit power adaptation during operation of a cell. 

This contribution discusses transmit power adaptation as a candidate SON functionality to be treated in the framework of the interference reduction use case.  
2. Interference Reduction by Tx Power Adaptation
Interference reduction by switching off unneeded cells might provide most instantaneous gain, however, it can be applied only in times where no traffic is encountered in these cells – otherwise coverage holes, or at least degradation in user performance is likely. Therefore alternative interference reduction possibilities should be investigated. In particular adapting Tx power and antenna tilt are options, that can be applied and provide benefit also when a cell is loaded, i.e. in times when capacity improvement by interference reduction is most relevant.
If a cell is interference limited, the downlink transmit power can be reduced without loss in system performance. As an example Figure 1 shows that for intersite distance ISD = 500 m a reduction of the downlink Tx power from 46 dBm to 34 dBm in all cells will not have negative impact on the SINR distribution as the cell is still mostly interference limited. Further reduction will degrade cell performance as noise limitation starts to become significant.

Therefore interference can be reduced in many cases by adapting the downlink transmit power to a minimum power before noise limitation has impact on cell performance. An automated transmit power setting could improve a standard default setting, or replace a costly, time-consuming, and less accurate transmit power calculation based on planning tools. Furthermore, the optimal transmit power might change over time (e.g. due to seasonal reasons like foliage, precipitation or due to topological changes in the environment) and should be jointly adapted with antenna tilt.
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Figure 1: Impact of Downlink Transmit Power Reduction on SINR distribution,
ISD = 500 m
There are two possible ways for power adaptation
· Power is reduced and the impact is traced by existing performance monitoring features. However, a certain time of degraded performance will occur in case of power reduction, since it takes time until the corresponding performance measurements are obtained, have statistical significance, and appropriate countermeasures, such as an increase of transmit power are executed.
· Power is only reduced after knowledge has been obtained that the cell is interference limited. In this case self-optimization is possible without negative impact on cell performance. However, means to sense the existence of interference vs. noise limitations need to be established.

In order to prevent degraded user performance, it is proposed to study feasibility of the second alternative.
3. Impact of Tx Power Adaptation on Neighbouring Cells
Uncoordinated interference reduction (by power adaptation and to a more severe degree for switching off cells) will increase the coverage area of the neighbouring cells and therefore impact on mobility and load. Therefore it is important to coordinate the power adaptation procedure in a cluster of adjacent cells in order to avoid fluctuations in coverage area and unnecessary handovers. 
Still, for cells adjacent to power-reducing cells, which cannot reduce their own power (e.g. since they are noise-limited), the coverage area will increase, leading in these regions to unavoidable handovers and impact on load balancing. Therefore load status of these adjacent cells needs to be tracked and power reduction needs to be abandoned or reverted if load indicators are above a certain threshold or even overload is indicated. It could furthermore be possible to have different power reduction levels from center of a cluster to the edge (typically higher reduction in center, lower reduction at the edge), as such a gradient would allow to prevent large local differences in coverage area.

As an illustrative example, Fig. 2, 3, 4, and 5 shows best server plots for a hexagonal grid of seven 3-sector sites with ISD = 500 m. The coverage area of the different cells can be distinguished by different colors, cell numbers are indicated as white numbers. 
The reference case using 46 dBm transmit power in all cells as a default setting is depicted in Fig. 2. Fig. 3 shows that switching off cell 1 completely significantly increases the coverage areas of the surrounding cells. This has impact on load and user throughput, and a notable amount of handover or cell reselection processes are required.

Fig. 4 shows the situation when cell 1 is not switched off, but reduces its transmit power to 34 dBm. Changes in coverage area with respect to Fig. 2 are smaller but visible. Finally Fig. 5 shows that applying power adaptation in clusters of adjacent cells using a transmit power gradient (in this case using 34 dBm in cell 1, 37 dBm, 40 dBm, 43 dBm, and 46 dBm in the 1st, 2nd, 3rd, and 4th tier of cells, respectively) leads to a minimal impact on the original coverage area.

It can therefore be concluded that a coordinated transmit power adaptation between clusters of adjacent cells is a secure way to interference reduction, which prevents fluctuations in coverage area and unnecessary (ping-pong) handovers and cell (re-)selection.
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Figure 2: Best server plot in reference case, all cells 46 dBm Tx power
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Figure 3: Best server plot, cell 1 switched off, all other cells 46 dBm Tx power
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Figure 4: Best server plot, cell 1: 34 dBm Tx power, all other cells 46 dBm Tx power
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Figure 5: Best server plot, cell 1: 34 dBm (-12 dB) Tx power, Tx power increase of 3 dB for each tier
4. Conclusion and Proposal

It is proposed to require that any interference reduction measure needs to ensure that

· the required cell and user performance is maintained,

· no overload is generated in involved and surrounding cells, 

· that the handovers and cell (re-)selections caused by these measures are minimized and do not cause problems in network operation and stability.

It is proposed to add the above-mentioned alterative interference reduction options to the scope of the interference reduction use case and agree on the text proposal for Section 4.3 of TR 36.902 as in Section 5 below. Furthermore it is noted, that interference reduction and energy savings may be obtained at the same time and therefore the use cases are considered interrelated.
5. Text Proposal

----------------------------------- Begin Excerpt from TR 36.902 V0.0.1 -------------------------------------
4.3
Interference Reduction

Capacity could be improved through interference reduction, e.g. by adapting transmit power, adapting antenna tilt, or switching off those cells which are not needed for traffic at some point of time, in particular home eNodeBs when the user is not at home.

4.3.1
Use Case description

Objective: 

· Interference reduction based on adapting transmit power, adapting antenna tilt, and cell switch on/off while maintaining required cell and user performance, and network stability. 
Expected outcome: 

· Increased capacity through interference reduction.

· Increased quality through interference reduction.
4.3.2
Solution Description

4.3.2.1
Input data, definition of Measurements or Performance data
Input data, measurements, and performance data required for interference reduction include:

· Cell load
· Information whether interference or noise limitation is prevailing in a cell.
· Impact on user and cell performance indicators shall be traced and in case of degradation countermeasures need to be taken
4.3.2.2
Output, influenced entities and parameter
The following output parameters and entities may be influenced by interference reduction :

· Downlink transmit power

· Cell switch off.
4.3.2.3
Impacted specifications, procedure interactions and interfaces

----------------------------------- End Excerpt from TR 36.902 V0.0.1 -------------------------------------
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[image: image9.wmf]best cell index (wrt Rx level); backward 20dB
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