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1. Introduction
In RAN3#81 meeting we have presented hybrid energy saving technique for the LTE coverage layer scenario and an associated text proposal for the TR 36.887[1].
The main idea behind the technique was to set the base stations powers based on their current interference conditions and a common power margin parameter provided by a central node. .

In [2], TX power optimization based on power margin negotiations between the base stations entering ES mode was presented and described in the TR 36.887 [4] as solution 2. 
In this contribution we present a distributed implementation of the hybrid TX power optimization of [1], showing that this distributed implementation is an optimisation of the solution 2 providing additional coordination and improving the overall achievable energy gain. 
2. Discussion
TX power optimisation of [2] may be understood as a peer to peer negotiation of power margins between the ES base stations. Each ES base station will apply low amplitude TX power margin that is dependent on the power reduction margins availability in the neighbouring base stations. 

The power margin negotiations are propagated in the network and are stopped when enough number of base stations decides to not contribute to the TX power optimization (because of no power reduction margins available at the base station for example). 

This TX power optimisation is a distributed -SON flavoured- TX power optimisation that adapts the TX transmission powers around nominal planning such as to reduce the overall transmission power and ensure QoS. However, some drawbacks may be shown to this technique: 
· Stability strongly rely on OAM through the set of allowed TX power margins,

· ES gain in the network is limited since the TX power margins are small,
· If TX power margins are increased, the proposed TX power optimisation may not prevent from coverage holes.
In order to optimise the approach of [2] we propose to include additional coordination information in the power margin negotiation between the base stations. This coordination information is expressed as a common power margin c that is propagated in the network with the power margins negotiations. 
Each base station involved in the energy saving process transmits the mean of the power margins received from its neighbours, including its own power margin, during the power margin negotiation phase. 
Additionnaly, the bases stations take into account interference levels perceived by the UEs, allowing to finer tuning the target SINR while reducing the probability of coverage holes.

It was shown in [3] that the performance of this consensus based algorithm is similar to the hybrid centralized ES procedure described in [1].
This approach is further detailed in the example below for a two base stations case.
2.1.1. Example 
Consider the following two base stations example shown in Figure 1. Generalisation to the multiple base stations case is available in [3].
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Figure 1: basic ES scenario 

 The base stations adjust their TX powers such that the cell edge UEs performance in both base stations' coverage is above a given threshold
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Two ways are possible to achieve this target while minimizing the TX power sum of the base stations: 

1.  The base stations adapt their TX powers such that the performance of cell edge UEs is equal to
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2. The base stations adapt their TX powers such that the performance of cell edge UEs is above the threshold
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Clearly solution 1) will lead to the most important TX power reduction and is expected to be more efficient in terms of energy saving. Solution 2) will be less efficient in terms of energy saving, but have the advantage to lead to less signalling. Our proposal aims to reach target 1).
The TX power optimisation procedure is performed iteratively. At each iteration, the base stations get measurement reports from their UEs and tune their transmit power to the power needed to achieve their target SINR thresholds plus power margins as: 
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Where 
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is the interference, obtained from the measurements of the cell edge UE for the base station i at the iteration k-1 ;  o1 and o2 are the power margins of the two base stations.
The key aspect of the technique is that these power margins are coordinated through common coordination power margin c(k) which is a function of the cell edge interference conditions as: 
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The common coordination power margin c(k) is expressed as a function of the coordination margins ci received from the base stations as: 
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During the energy saving procedure, the value of the common coordination margin c(k) is gradually increased 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.
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 consensus based ES procedure 
The information needed to be exchanged between the base stations is:

· The differential power levels for the base stations 
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 and the coordination margin of the base station i, ci,
· 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 differential inverse power margins. 
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 for BS2 and 
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 for BS1. 
Signalling is reduced when compared to the hybrid energy saving procedure [1] since the coordination margins ci are propagated along with powers and path gains information. 
Considering a set of N cells, each base station i having Nbneigh (i) neighbours, the signalling cost is 
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 messages per iteration. The evolution of the common coordination parameter c(k) is be done by updating the coordination margin ci of any  base station involved in the ES procedure and by propagating the update through the base stations set involved in the ES procedure.
This signalling load can be considered relatively high, however the number of iterations - and the number of signalling messages - necessary for the convergence of the procedure scales linearly with the number N of base stations, and the time scale of the messages exchange between any two base stations is similar to X2 load information messages in DL ICIC.
3. Conclusion
We have provided in this contribution a view on distributed and coordinated, consensus based TX power optimisation procedure for ES in the LTE coverage layer use case.
This coordination in energy saving actions between the base stations is important since it prevents drop calls/coverage holes for the UEs in the coverage region.
 The powers of the base stations are gradually adapted through X2-AP signalling between the base stations and are driven by a common coordination power parameter that is obtained through consensus based techniques [3].
The mechanism proposed in this contribution is similar in principle to the approach described in [2]. However it  has the advantages of stability guaranty even for large SINR target variations, and reduced probability of coverage holes.

Proposal: We propose that the text proposal provided in the Annex is included in the TR of the Study Item.
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5.4.2
Solutions description 
Solution 1

A distributed scheme where eNBs use mobility measurement (and possibly MDT measurements) collected from the UEs to estimate if there is any scope for TX power optimisation. There is no need to forward measurements between eNB. It is assumed that the allowed range of the power adjustment is controlled by OAM. The allowed range of the power adjustment guarantees a stable system, i.e. any combination of values selected by the eNBs involved in that scheme should not result in coverage holes, etc…

The following issue has been addressed:
Issue 1
The need to negotiate or inform about changes of the transmit power between eNBs and which power to negotiate was discussed.
 If a cell changes its transmission power of the reference signal, the border with neighbour cells may be shifted. The following two solutions are identified with regard to informing neighbour cells or not:
· Solution 1.1: Do not inform neighbours about changes in power
· Solution 1.2: Inform about changes to the power usage of reference signal.
Two optimisations may be added in top of Solution 1.2 to improve convergence, flexibility and energy savings [6]:

1) eNBs exchange power margins for autonomously setting their TX powers 

2) eNBs exchange coordination margins and path gains for improved stability and increased ES efficiency. 
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