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1. Introduction

For CSG HeNB deployment, a HeNB only provides services to a limited number of UEs while un-authorized UEs are blocked even if they are very close to the HeNB and are significantly interfered. As summarized in [1], many interference mitigation techniques have been proposed in recent meetings to solve this problem. One set of contributions proposed methods to avoid HeNB interference to macro eNB data channels [2, 3, 4, 5] by using orthogonal PRB sets for macro eNBs and HeNBs. Although these methods can effectively reduce interference generated by HeNB data channels, they can not eliminate interference from HeNB control channels which are transmitted at pre-determined time-frequency resources. 
In the next section, a method to dynamically change HeNB operation mode based on the locations and status of HeNB subscribers is proposed to reduce HeNB control channel interference. 
2. Proposed solution
Different from macro eNBs that will serve almost all UEs under the coverage, CSG HeNBs only provide service to their subscribers, the number of which is expected to be only 3 or 4 on average.  To reduce HeNB interference, we propose that a HeNB should maintain its normal operation only to meet the needs of its subscribers. Specifically, we consider three scenarios with different subscribers’ locations and states and propose three HeNB operation modes accordingly.
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                                                     Figure 1 UE location in the network
As shown in Fig. 1, we consider three UE locations in the network: 1) under the home cell (colored in green); 2) under the overlay macro cell but outside the home cell (colored in yellow); 3) outside the overlay macro cell (colored in red).   
We propose that:

· HeNB should transmit its control channels as normal eNBs if at least one connected subscriber is under the home cell. 
· Alternatively, if no connected subscriber is under the home cell but 
1) at least one subscriber is under the overlay macro cell, HeNB should enter a low duty operation mode such that it transmits control channels periodically at a much larger period than normal eNBs; or
2) at least one idle subscriber is under the home cell, HeNB should enter a low duty operation mode such that it transmits control channels according to the DRX pattern of the idle UEs under its coverage (i.e. at the time intervals that idle UEs under its coverage will wake up and make measurements). 
· HeNB should be completely powered off if all subscribers are outside the overlay macro cell. 
For the second case, if at least one subscriber exists under the overlay macro cell and at least one idle subscriber exists under the home cell, HeNB will transmit control channels both periodically to support the subscriber under the overlay macro cell and at time intervals that are aligned with DRX pattern of the idle subscribers under its coverage.
To enable the proposed mechanism, UE needs to save the overlay macro BS ID in its memory in order to detect the appearance of the overlay macro BS when entering its coverage. In addition, network signaling messages between the UE, the overlay macro eNB and the HeNB are needed to switch HeNB operation modes. Possible signaling messages needed are as follows:
· When under the HeNB coverage, UE (or network) needs to notify the HeNB of its DRX pattern (i.e. the time intervals that it will wake up and make measurements) during idle mode. 
· When entering the overlay macro cell, UE needs to send a message to the overlay macro eNB along with its ID as well as the HeNB ID to request HeNB operation mode change.

· The overlay macro eNB will command HeNB to change its operation mode from “power off” mode to low duty mode and HeNB will respond with its control channel transmission pattern with respect to the timing of the overlay macro eNB.  
· The overlay macro eNB will then respond to UE’s message with the HeNB’s control channel transmission pattern with respect to its own timing so that the UE can search for the HeNB by following the pattern provided. 

· When leaving the overlay macro cell, UE needs to send a message to the network to request HeNB operation mode change from low duty mode to “power off” mode. Note that the HeNB does not need to change to “power off” mode if there are other subscribers under the overlay macro cell or the home cell. 
3. Conclusions
To reduce interference, we propose a method in this contribution to change HeNB operation mode when subscribers are faraway or in idle mode. As a HeNB often becomes zero-loaded during the day time when the macro network is most loaded, we believe our mechanism can effectively reduce interference to the macro network. 
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