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1 Introduction

The issue on how to exit dormant mode efficiently has been intensively discussed during the RAN3 Energy Saving SI stage. Several potential solutions have been captured in TR 36.927 [1], one of which for both inter-RAT and inter-eNB energy saving is “IoT measurement”. In this solution, when the coverage cell detects high load, it can request some dormant hotspot cells to switch on their listening capability to perform and report Interference over Thermal (IoT) measurements as defined in TS 36.214 [2].
However, IoT measurements are typically not accurate and thus unreliable in predicting load distribution. Solely based on IoT measurements cannot achieve the efficient selective cell activation. In this paper, we discuss the enhancement to the “IoT measurement” solution, which provides sufficient information to the dormant cell(s) so that the most appropriate cell(s) can exit dormant mode to efficiently provide additional capacity for the increased traffic in the coverage cell. 
2  Discussion
In LTE the IoT indicates the ratio between the total received interference power and the thermal noise. It is similar to the rise-over-thermal (RoT) in HSUPA. The IoT plays an important role in determining the traffic load in the vicinity of a dormant cell.
However, the received interference power by the dormant cell may be caused not only by the active UEs served by the coverage cell requesting additional capacity but also by the UEs served by other neighbouring cells. As illustrated in Figure 1, due to traffic load increase the Coverage_Cell requests additional capacity from the booster cells in its coverage area (Booster_1, Booster_2 and Booster_3). The booster cells with listening capacity monitor the IoT measurements to determine the traffic load in its vicinity.  However, as shown in the figure, for example the UL interference the Booster_1 detects may be the result of the active UEs served by both the Coverage_Cell and neighbour cells Cell_A and Cell_B.
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Figure 1: example scenario where UL interference caused by the neighbour cells
In order for the dormant (booster) cell to make suitable measurements thus determine the traffic load that it could take-over from the coverage cell, the coverage cell should provide the dormant cell with some additional information, such as:

· UL scheduling information, relating to transmissions made by UEs served by the coverage cell, with which the dormant cell can exclude the UL transmission of the UEs served by other cells than the coverage cell. 
The UL scheduling information of the coverage cell is the static or semi-static scheduling information during the “listening” period upon receipt of Cell Activation Request (as shown in Figure 2). 

· time synchronisation or the knowledge of the time difference between the coverage cell and the sleeping cell may be required, so that the dormant cell can have accurate information of the scheduled transmission in the coverage cell.
With the above information available, the increase in interference over thermal due to the UEs supported by the coverage cell can be expressed as follows: 
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 is limited to those corresponding to transmissions from UEs served by the coverage cell. One possible estimate of the thermal noise level would be to average over all the resources:
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Figure 2 displays the flow chart of one example cell activation procedure in energy saving scenarios. When the traffic load in a base station is above a pre-defined threshold, it may request one or more booster (dormant mode) cells to switch on to provide additional capacity. The locations of the booster cells are known to a base station via, i.e. OAM configuration. The Requesting Base Station then sends a cell activation request to the base station(s) which control the dormant mode booster cells, Base Station 1 and Base Station 2.
Upon the receipt of the cell activation request, Base Station 1 and Base Station 2 switch on “listening” function in the dormant cells, monitoring the received uplink interference caused by the active UEs in its vicinity. However, the total UL interference is caused by the active UEs served by the requesting Base Station as well as UE served by other neighbouring base stations. The information (i.e. feedback) from the Requesting Base Station, including UL scheduling information, which is sent upon request or piggybacked via other messages, helps dormant cells to exclude the interference not caused by the Requesting Base Station. 

Base Station 1 and Base Station 2 could use the interference level for comparison with the average interference in the area, and these interference levels can be obtained via OAM configuration or previous measurements. If the interference increase is above a threshold, the dormant cell will be switched on to provide additional capacity for the increased traffic load at the requesting base station.
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Figure 2: an example cell activation procedure
3 Conclusion and Proposal
In this paper, we have identified the issue with the “IoT measurement” solution, and discussed the enhancement to the solution that efficiently activates the most appropriate dormant cell(s). With the above analysis, we propose that:
Proposal: RAN3 is kindly asked to consider the solution discussed in Section 2 as the enhancement to the “IoT measurement” solution.
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