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1
Introduction
This paper introduces reference features which can be implemented to improve the energy efficiency in the network. Power consumption models using the eNodeB power model in [1] are also defined.
2
Discussion
This document introduces energy saving models for an eNodeB when the load conditions are low. The features that are used are listed below and each model is presented in the following subsections.
Improved cell hardware: Power amplifiers based on operating point adaptation and on deactivation of amplifier stages. An adaptive power supply unit enables the adaptation and deactivation of the transceiver components and the PA. The Small Signal RF transceiver allows the deactivation of some of its components during time periods of no signal transmission. Finally, the digital transceiver provides the signal conditioning features and the control signals to the transceiver components for their adaptation and deactivation.

Antenna muting: Antenna port 1-3 are muted or all signals are added and transmitted by one physical antenna or signals on antenna ports 0 and 1 are added and transmitted by one physical antenna. The activation and de-activation of antennas operate virtually on a packet-by-packet basis or in the order of a few tens of milliseconds.

Micro DTX: When no user data is transmitted the radio is put into DTX (micro sleep) between transmissions of cell specific reference symbols.

Adaptive sectorisation: Switching between omni and sector modes. In case of low utilization and lack of interference, the sector antennas can be connected to a single transceiver while the power split among antennas does not cause noticeable service degradation to low activity users.

The Improved cell hardware, antenna muting, micro DTX fulfil the requirements of the study item. For adaptive sectorisation user accessibility when the eNodeB switches between omni and sector state cannot be guaranteed because of changed interference level.
2.1 Modelling the power consumption
The intention when estimating the power consumption parts of the TRX remains active to avoid impacting the uplink performance. 
2.1.1 Notation
β: The ratio of power consumption for the TRX in low load when the transmitter is switched off and P0
A: The area where the eNodeB provides coverage.

d: The minimum amount of signals that needs to be provided in the area in order to provide coverage (reference signals). 
Pmax: Maximum RF output power at maximum load.

P0: The linear model parameter to represent power consumption at the zero RF output power. 

∆p: The slope of the load dependent power consumption.

ps: The probability that a TRX can enter micro sleep.

Psleep: Power consumption when components in the TRX enter micro sleep (e.g. power amplifier stage deactivation switches into micro sleep at zero load during a fraction of a subframe)

NTRX: Number of TRXs

2.1.2 Reference eNodeB power model
The reference deployment contains none of the energy saving mechanism listen in section 2.1. The energy consumption in such eNodeB becomes (model from [1]):
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In a three sector macro deployment two TRX are used per sector (NTRX = 6) and since no additional energy saving mechanisms are used, such as micro sleep, the power consumption is modelled as:
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Assuming an empty cell, the power Pout depends on the amount of signals it needs to send and over which area. This is included in the model as Pout = Pout(d, A).
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The reference power consumption for an eNodeB is:
Reference power consumption for an eNodeB: 
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2.1.3 TRX uses micro sleep (DTX)
When micro sleep is used the equipment not used in the TRX is switched off. Assuming that the TRX can enter micro sleep with probability ps the energy consumption becomes:
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Power efficiency model:
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2.1.4 Power amplifier is switched off (antenna muting)
If the load in the cell is low one of the power amplifiers in the sector, which is part of the TRX, can be switched off while other parts of the TRX are kept active in order to not impact the uplink performance negatively. In order to estimate the power consumption for a TRX when the load is low and the power amplifier is switched off, the following numbers describing the energy consumption of different parts in a macro eNodeB at maximum load are used [3]. (In the calculations we have assumed that the maximum power for a TRX is 1000W when making the calculations, this particular value does not matter though.)
· Power amplifier: 57%  (570W)
· Main Supply: 8% (80W)
· DC-DC: 6% (60W)
· RF: 6% (60W)
· BB: 13% (130W)
· Cooling: 10% (100W)
The power amplifier is the main energy consumer and switching it off results in 57% energy savings. Here it is assumed that cooling systems, main supply and DC-DC converters scale with the power consumption and the remaining do not.
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Figure 1: eNodeB power model from [3] illustrating the power consumption in an eNodeB.

The components that scale correspond to (80+60+100)W = 240W at maximum load which is the remaining (1000-240) = 760W  

When the power amplifier is switched off the load is reduced from 760W to 190W (190/760=0.25) which allows a similar reduction on the parts that scale. This gives that the power consumption when the power amplifier is switched off becomes 0.25*240W+190W = 250W.
Approximation: When the power amplifier in the TRX is switched off the energy consumption is reduced to 25% of the energy consumption at maximum load.
Let β denote the ratio of ‘power consumption for the TRX when the transmitter is switched off’ and ‘P0’. β is estimated using the power model in [1] as:
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Using the value 0.25 as estimated above gives:
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An illustration of β is shown in Figure 2. 
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Figure 2: The figure shows how the parameter β relates to the maximum output power and the parameter P0 in the eNodeB power model. β shows the power reduction relative P0 when the power amplifier is switched off. 
The power efficiency model, when the power amplifier in one TRX per sector is switched off and applied to three out of the six TRX’s becomes: 
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A value of β = 1 corresponds to that there are no gains when switching off the power amplifier and values close to zero shows the potential of the technology. Figure 3 shows the efficiency for β between zero and one.

[image: image12.png]09

08

07

06

05

04

03

02

01

Power efficiency as a function of p

12402 >

AR,

max))

Parameters

01 02 03 04 05 06 07 08 09





Figure 3: Power efficiencyin an eNodeB where the power amplifier in the TRX is switched off when not needed. Here a three sector macro with two TRX per sector is used hence the three out of six TRXs have their power amplifier switched off. The estimated power saving according to the model is between the two lines and depends on Pout(d, A).
2.1.5 Adaptive sectorisation
When the load in the area covered by an eNodeB is low it is possible to change to an omni cell where the three sectors use the same power amplifier. In order to not negatively impact the uplink, parts of the TRX are kept active consuming the energy βP0. See estimation of β above.
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Power efficiency model:
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A value of β = 1 corresponds to that there are no gains when switching off the power amplifier and values close to zero shows the potential of the technology. Figure 4 shows the efficiency for β between zero and one.
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Figure 4: Power efficiency in an eNodeB where the power amplifier in five of the six TRX is switched off when not needed and the eNodeB is changed from a three sector eNodeB to an omni cell. The estimated energy saving according to the model is between the two lines and depends on Pout(d, A).
3
Proposals

Proposal 1: Take the models above into account in the discussions

Proposal 2: Capture the power models for the reference features in TR36.887 as proposed in the annex.
4
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5
Annex

Add the following new annex to the TR describing the reference features
>>>> First change <<<

[xx]
R3-140983; Ericsson; Introduction of reference features for Energy Saving
>>>> End first change <<<

>>>> End first change <<<

 >>>>Text not changed omitted <<<<

>>> Start final change <<<<<<

Annex XX (new): Other building blocks for power saving
An energy saving solution may be based on the combination of different building blocks ranging from improved cell and antenna hardware, radio interface and transmission techniques, up to techniques acting on the network level. Some examples are provided:
Improved cell hardware: Power amplifiers based on operating point adaptation and on deactivation of amplifier stages. An adaptive power supply unit enables the adaptation and deactivation of the transceiver components and the PA. The Small Signal RF transceiver allows the deactivation of some of its components during time periods of no signal transmission. Finally, the digital transceiver provides the signal conditioning features and the control signals to the transceiver components for their adaptation and deactivation.

Antenna muting (radio transmission technique with relation to MIMO): Antenna port 1-3 are muted or all signals are added and transmitted by one physical antenna or signals on antenna ports 0 and 1 are added and transmitted by one physical antenna. The activation and de-activation of antennas operate virtually on a packet-by-packet basis or in the order of a few tens of milliseconds. If any UE is connected and actively receiving data muting of antenna ports is typically not made. Hence in practice there is no impact on the coverage in active mode. (Note: The method does not require any cell reconfiguration). It is FFS how impact on coverage for UEs in idle mode is mitigated, e.g. by reducing the bandwidth or increasing the transmit power. It is also FFS in which scenario this technique is applicable, e.g. limited to low-interference scenarios. It is FFS how backward compatibility is guaranteed.
Micro DTX (discontinuous transmission): This radio interface technique, enabled by improved cell hardware as described above, allows when no user data is transmitted, to deactivate the radio (micro sleep mode) between transmissions of cell specific reference symbols.
Adaptive sectorisation: Switching between omni and sector modes, the the cell in omni mode having its own E-CGI. In case of low utilization and lack of interference, the sector antennas can be connected to a single transceiver. Impact on coverage can be mitigated for example by increasing the DL RS power.  Problems/solutions related to cell splitting/merging in AAS-based deployments may apply (cf. TR 37.822 [xx] section 4.2). It is FFS if improvements similar to AAS would be beneficial.

It is noticeable that the above theoretically possible list options for power saving rely on techniques which depend on vendor specific hardware implementation and deployment. Therefore, their availability and thus effectiveness in the real network is hard to assess here.
. 

The following models roughly describe the expected power consumption.
Notation

β: The ratio between power consumption for the TRX in low load when the transmitter is switched off and P0 (see Figure X below), related to antenna muting or adaptive sectorisation.
A: The area where the eNodeB provides coverage.

d: The minimum amount of signals that needs to be provided in the area in order to provide coverage (reference signals). 

Pmax: Maximum RF output power at maximum load.

P0: The linear model parameter to represent power consumption at the zero RF output power. 

∆p: The slope of the load dependent power consumption.

Psleep: Power consumption when components in the TRX enter micro sleep (e.g. power amplifier stage deactivation switches into micro sleep at zero load during a fraction of a subframe)

NTRX: Number of TRXs
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Figure X: The figure shows how the parameter β relates to the maximum output power and the parameter P0 in the eNodeB power model. β shows the power reduction when the power amplifier is switched off. For a description of the particular selection of  β = 0.43 used see [xx]
Reference model
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TRX uses micro sleep (DTX)

When micro sleep is used the equipment not used in the TRX is switched off.  
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Power amplifier is switched off (antenna muting)

If the load in the cell is low one of the power amplifiers in the sector, which is part of the TRX, can be switched off while other parts of the TRX are kept active in order to not impact the uplink performance negatively (such as Rx chain). To be noted that the mitigation of coverage impact has not been taken into account (e.g. the increase of transmit power of DL RS).
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Adaptive sectorisation
When the load in the area covered by an eNodeB is low it is possible to change to an omni cell where the three sectors use the same power amplifier. The remaining five power amplifiers are switched off. In order to not negatively impact the uplink, parts of the TRX are kept active consuming the energy βP0. To be noted that the mitigation of coverage impact has not been taken into account (e.g. the increase of transmit power of DL RS).
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