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1. Introduction
In RAN3#80 meeting an overview of the solutions foreseen for the LTE coverage layer scenario was detailed and corresponding text proposal for the TR 36.887 was proposed. These solutions can be roughly described as:
· Compensation solutions, including single and multiple cells compensation solutions, 

·  TX power optimization solutions, based on collecting RSRP measurements to adapt the TX power level of the base station in order to achieve ES.
The TX power optimisation mechanism proposed in the contribution is based on hybrid (semi-centralized) procedures, where the eNBs have the current picture of the interference conditions while a central node is radio agnostic and provides global coordination for the TX power optimization actions. .
2. Discussion
In [2] it was argued that ES based on TX power optimization have several advantages over compensation based solutions: 

· ES based on TX power optimisation allows progressive and flexible power adaption that minimizes coverage holes probability
· It reduces the network planning effort that is inherent to the compensation based solutions and allows ES mechanism to be more reactive to interference change in the network.
In [1], centralized implementation of the TX power optimization solution was briefly outlined. This centralized solution is based on collecting RSRP measurements for the UEs in the coverage area through immediate MDT and the reporting of these measurements to OAM. 
One advantage of this approach is to reuse the prediction tools currently available in OAM to predict the situation in the areas where no measurements are available. However, one drawback is to add load and complexity to OAM since the prediction tools will be used more often than in conventional deployment and immediate MDT may introduce extra signalling load. . 

Fully distributed solutions as proposed in [2] raise in general the problem of their convergence, since it depends on coordination between neighbouring base stations and small values of variation which are set set a-priori.

In an alternative approach, we propose a TX power optimization mechanism which is similar in principle to the view of [2] but that provides the following additional features:

· An increased coordination between base stations involved in the TX power optimization procedure, hence limiting the coverage holes. 
· A global convergence to cell edge SINR targets (coverage/capacity targets) determined by a central function allowing to guarantee network stability even for large SINR target variations. 
The basic principle is to minimize the sum of the DL transmit powers of a group of base stations, such that the cell edge SINRs of the base stations are above a minimum allowable target SINR. 
The downlink transmit powers are linked through a common ramp parameter c that is controlled by a central function  The TX power levels are tuned in a coordinated way until the minimum allowable cell edge target SINR is achieved for the base stations. 

The advantage of this gradual coordinated TX power setting is to improve the convergence towards the target cell edge performance, minimizing possible coverage holes. 
The approach can be called hybrid or semi-centralized, as the eNBs have the current picture of the interference conditions while a radio-agnostic ES central function provides global coordination for the TX power optimization actions. This ES central function can be included in the OAM.
2.1.1. Example 
Consider the following two base stations example shown in Figure 1.
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Figure 1: basic ES scenario 

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/capacity parameter of the cell and may be fixed by OAM.
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 is 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 from BS2 to the cell edge of BS1 respectively. 

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 depending on a common ramp parameter c that is controlled by the central function. 

For the two base stations of the example, we have the following power update relations at iteration k:
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The power margins o1 and o2 are set as function of the coverage parameters and of common ramp parameter c set by the central function 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.

With low values of the common power ramp parameter c, the power margins are mainly related to the interference conditions, limiting the impact on radio conditions encountered by the UEs.

When the power ramp parameter c is increased, the power margins o1 and o2 tends to be equal to the inverse of the parameter c, i.e. 
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. At the convergence of the ES procedure, i.e. when the ramp value c(k) is above a predetermined value, the offsets of the cell edge SINRs to the target SINR thresholds are controlled and jointly minimized.

Indeed, the energy saving procedure can be viewed as a two-step adaptive ramping of the transmit powers of base stations involved in the TX power optimization. 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, transmit power adaptation is performed based on the common ramp values so that the offsets of the cell edge SINRs to the target SINR thresholds are controlled and jointly minimized.

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 is:

· The differential power levels for the base stations 
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· 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. 
This information can be grouped into a single message exchanged between BS1 and BS2. The coordination function broadcasts the initial value of the common power ramp parameter c to all the base stations involved in the optimisation process and waits for all the base stations to signal they have completed their transmit power update before increasing the common ramp parameter c. 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. 

This can be considered relatively high message load, but is inherent to the hybrid energy saving approach, where coordinator needs to be informed of the current state of the base stations before deciding to update the common power offsets for the next iteration. However, the number of iterations 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 hybrid TX power optimization procedure for ES in the LTE coverage layer use case. The powers of the base stations are gradually adapted through X2AP signalling between the base stations and are driven by common power ramp parameter provided by a central function that may be located in OAM. DL TX powers are adapted such as to meet target SINR thresholds, and the common ramp is adapted to reduce possible coverage holes during the power adaptation process. 
The mechanism proposed in this contribution is similar in principle to the approach described in [2]. However our approach has the advantages of stability guarantee even for large SINR target variations, and reduced probability of coverage holes, at the expense of extra signalling between the base stations and between the base stations and a central function.

Proposal: We propose that the text proposal provided in the Annex is included in the TR of the Study Item.
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Annex – Text proposal for TR 36.887
5.4.2
Solutions description 

Solution 3

A hybrid (or semi-centralised) approach where eNBs have the current picture of the interference conditions while a radio-agnostic ES central function provides global coordination for the TX power optimization actions. eNBs involved in energy saving exchange Tx power variations and interference measurements, and a central function coordinates the optimisation process through a common power margin. Each cell adapts its power so that its cell edge UE receives a signal to interference and noise ratio (SINR) above a given target SINR.






5

_1381930785.unknown

_1381931712.unknown

_1436097645.vsd
�

�

BS1


BS2


Coordination Function (OAM)


Send 


Send 


Update


Update


Send common ramp c


Update  power done


Update  power done


Update c


End


Get UE 
Measurements 


ES decision 


Get UE 
Measurements 


Stopping condition ?



yes


No



_1436098102.unknown

_1437223114.unknown

_1381933244.unknown

_1389440700.unknown

_1381930837.unknown

_1381754550.unknown

_1381755144.unknown

_1381905277.unknown

_1381755181.unknown

_1381754606.unknown

_1381737713.unknown

_1381751547.unknown

_1381737156.vsd

