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1. Introduction

In RAN3#73bis, two contributions have been presented for non-overlapped inter-eNB energy saving scenario with compensation [1]

 REF _Ref307305197 \r \h 
[2]. 
In [1], it was proposed to group the base stations involved in energy saving into clusters, each cluster being coordinated by cluster coordinator. Energy saving cell and compensation cells role is assigned by OAM within each cluster and signalling based energy saving mechanism is defined in each cluster.
In [2], some requirements were derived for signalling in this compensation scenario. Basic summary of these requirements is provided below:
1. The decision of entering the dormant mode for ES cells is made in the compensation cells 
2. The compensation cells inform the ES cells of their availability for compensation 

3. The ES cell knows their compensation cells 

4. ES cell enters the ES mode if all its compensation cells are available for compensation 

These requirements may be applied in each energy saving cluster as described in [1] or in the whole network. 

In this contribution we provide procedure for implementing hybrid energy saving that achieves the requirements of [2] and compatible with the grouping suggested in [1]. In this procedure the ES cells and compensation cells roles are defined by OAM through pre-configured target SINR thresholds.  A signalling based ES procedure is defined to achieve gradual ES cell extinction and gradual compensation from compensation cells while maintaining QoS for active UEs and minimizing coverage holes.
The proposed procedure relies on the exchange of the transmit powers and coverage parameters between the cells, each cell setting up its new transmit power/coverage parameters based on the received transmit power and coverage parameters from the neighbouring cells and on a common power ramp parameter defined by the cluster coordinator.
The procedure is iterative and the power ramp parameter is gradually modified until the target SINR thresholds are met in the cells involved in ES procedure. 
2. Discussion
Consider the basic scenario of two base stations, BS1 and BS2 shown in Figure 1 entering energy saving situation.
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Figure 1: basic ES scenario 

The principle of the proposed ES procedure is that each base station adapts its power so that its cell edge UE receives a signal to interference and noise ratio (SINR) above a target SINR threshold
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. This target SINR threshold is the coverage parameter of the cell and may be fixed by OAM or by the cluster coordinator. To turn a cell to its dormant mode, the cell will use a low target SINR threshold parameter, while the cell with a typical cell edge SINR threshold value is a compensation cell. 

Let us define 
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as the cell edge path gain from cell j measured in cell i (with i,j=1,2).
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 are the cell edge path gains for the base station BS1 and BS2 and 
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 are the path gains from base station BS1 to the cell edge of BS2 and BS2 to the cell edge of BS1 respectively. 

The energy saving procedure is performed gradually and is driven by the cluster coordinator. At each iteration of the energy saving procedure, the ES and compensation cells get measurement reports from their UEs and set their transmit power to the power needed to achieve their target SINR thresholds plus power margins depending on a common ramp parameter. 

For the two base stations example of the figure above, we have the following power update relations at iteration k:
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The power margins o1 and o2 are given as a function of the coverage parameters and of common ramp parameter c set by the cluster coordinator such as: 
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The key idea of the energy saving procedure is to gradually increase the value of the common ramp parameter c along with downlink transmit power adaptation of the base stations. Doing so reduces gradually the power margins o1 and o2 until the target SINR thresholds are achieved for both base stations, i.e. the extinction of the ES cells and complete compensation of the compensator cells.

With low values of the common power ramp parameter c, the power margins are mainly related to the interference conditions, i.e. the coupling path gains 
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 and the target SINR thresholds.

When the power ramp parameter c is increased by the coordinator along the iterations of the energy saving procedure, the power margins o1 and o2 tends to be equals to the inverse of the parameter c, i.e. 
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Indeed, the energy saving procedure can be viewed as a two steps adaptive ramping of the transmit powers of ES and compensation cells. In the first step, i.e. low values of the parameter c, transmit powers are adapted with power margins that are calculated to reduce coverage holes thanks to path gains computations based on UE measurements reports. In a second step, when the UEs have performed handovers to the compensation cells and no more UE measurement reports are available in ES cells, transmit power adaptation is performed with a common ramp.
The energy saving procedure stops when the power margins o1 and o2 become below a given precision threshold. 

The signalling flow chart of the energy saving procedure is summarized in the following figure:
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Figure 2: Exchanged messages during the hybrid energy saving procedure
The information needed to be exchanged between the base stations are:

· The current transmit powers P1 and P2 of the base stations,
· The path gain from base station measured in the neighbouring base stations, i.e. 
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of BS1 measured in cell edge of BS2 and 
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of BS2 measured in BS1,
· The normalized inverse power margins of the base stations, i.e. 
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 for BS2 and 
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 for BS1.

This information can be grouped into a single message exchanged between BS1 and BS2. The coordinator broadcasts the initial value of the common power ramp parameter c to all the base stations and waits for all the base stations to signal they have completed their transmit power update to increase the common ramp parameter c. 

In a macro network of N cells, each cell having Nbneigh neighbours, there is a signalling cost of (2+Nbneigh)xN messages per iteration. This can be considered relatively high but is inherent to the hybrid energy saving approach, where coordinator needs to be informed of the current state of the base stations to decide to update the common power offsets for the next iteration. A distributed implementation is also possible, where the common ramp parameter is exchanged between the base stations along with transmit powers, path gains and power margins, reducing the signalling load.

The proposed procedure inherently handles the case of multiple compensation cells and scales well with the number of base stations when compared to synchronized power reduction with common ramp. 

Moreover, the adaptive nature of the energy saving procedure and its ability to take into account UE measurements reports minimize the risk of coverage holes when compared to fixed synchronized power ramping techniques. 
The procedure have been described in case of ES cell switch off, however it can also be used for smartly adapting the transmit powers when an ES cell wakes up.
3. Conclusion
In this contribution we have proposed an energy saving procedure where ES and compensation cells roles can be controlled by OAM through pre-configured target cell edge SINR thresholds
The energy saving mechanism gradually adapts the transmit powers of ES cells and compensation cells up to a power margins that is controlled by a cluster coordinator. The transmit powers adaption takes into account the current interference conditions. Indeed, the risk of coverage holes during the ES cell extinctions and awakenings is minimized, at the cost of some signalling with the coordinator and compensation cells.

The procedure is very flexible and supports multiple compensation/ES cells scenarios. In these scenarios, the procedure is less complex than fixed, synchronized power ramping.

A distributed implementation of the procedure is also possible. 
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