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1
Introduction
This paper analyses the gain of different energy saving mechanisms. At RAN3#83 the discussions were based on the claimed gains in [2] hence this deployment has been used here since the deployment as such seemed acceptable by all companies. In order to do the comparison, including estimating quantitative energy saving gains, a power model of an eNodeB has been used and is submitted to this meeting in a separate contribution [1] and also available in the annex.
2
Discussion
At RAN3#83 it was claimed that [2] shows that there are energy saving gains in the range of 15% compared to what is achievable with the standard today. Here the method in [2] is compared to other energy saving mechanisms which can be implemented in an eNodeB without any updates to the standard.
2.1 Modelling the power consumption
This section provides quantitative estimates of the potential energy saving gain when using the following mechanisms.

1. Increasing the coverage area and switching off eNodeBs [2]
2. Micro sleep
3. Switching off the power amplifier in one of two TRX in a cell in low load conditions
4. A combination of 2 and 3
5. Using omni cell configuration in combination with 2 and 3.
The power models used are designed to account for the power consumption to keep the uplink performance identical when the eNodeB is in energy saving mode as when fully active.
2.1.1 Notation
α: eNodeB coverage in energy saving state / eNodeB coverage in normal (capacity) state

β: The ratio of power consumption for the TRX in low load when the transmitter is switched off and P0 [6]
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

Reference power consumption for an eNodeB [1, 6]: 
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2.1.2 Energy consumption when increasing the coverage area

When the coverage area for an eNodeB is increased a factor α, the output power becomes Pout = Pout (d, αA). Assuming that the required output power increases with area the following assumption is valid Pout (d, A) < Pout (d, αA) for α > 1. 
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Estimating upper and lower bound gives (see A1, A2 and A3 in the annex)
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Observation 1: The power consumption of active base stations in the energy saving state is increased by a factor x = [1, 1.71], where x depends on the additional resource consumption of active base stations.
Since the coverage area is increased by a factor α, this also means that the average capacity is less than 1/α when the network enters energy saving state. One contributing factors is that the average distance to a user increases hence the link budget, on average, becomes worse. 

2.1.3 Energy savings for reference features
These models are introduced in [6] together with a description of the estimate of β.
Micro sleep: Power saving 
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(A4, A5 and A6 in the annex)
Switch off PA (β=0.4308): Power saving 
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 (A7, A8 and A9 in the annex)
Switch off PA + micro sleep (β=0.4308): Power saving
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 (A10, A11 and A12 in annex)
Omni (β=0.4308): Power saving 
[image: image7.wmf](

)

46

.

0

,

)

,

,

1

,

(

27

.

0

<

=

<

A

d

P

A

d

TRX

p

P

in

s

in

 (A13, A14, and A15 in annex)
2.2 Comparisons

In [2], the energy consumption is analysed in a network where 19 eNodeBs are active in the normal (capacity) state and 7 eNodeBs are active in the energy saving state. The coverage area shall be the same in the two network states the area covered per eNodeB is increased by α=19/7 = 2.71 (any energy consumption for any of the 12 switched off eNodeBs is not taken into account).
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Figure 2 shows the estimated bounds on expected energy saving for the methods analysed in this paper. When comparing the lower power saving ratio when increasing the coverage and switching off eNodeBs in the coverage area compared to using micro sleep do not bring any significant gain. 
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Power saving ratio

01

Switch off Tx

Method

Increase coverage +
switch off eNodeBs
Micro sleep
(only DL considered) Micro Sleep +
Switch off Tx
_ Omni cell
1 2 3 1 5





Figure 2: The green colour shows the estimated upper and lower bounds for energy saving gains for a network with low load as estimated in this paper. In method 1 the area covered by an eNodeB is increased by tilting the antennas and/or increasing the output power and eNodeBs not needed to provide coverage are switched off. Method 2, 3, 4 and 5 switches of components in eNodeB when not needed and the values are from observations 2-5. The y-axis is limited to 1 hence the estimated range for method 2 is only partly shown. Method 2, 4 and 5 are sensitive to the selection of β.
It shall be noted that the uplink performance for method 2-5 in the figure is not impacted. The energy consumption for maintaining the identical uplink performance brings significant power consumption though. It remains unclear how the uplink is supposed to work when some eNodeBs are switched off and we think that this case has not been discussed yet. The problem is that even if the UEs can listen to the macros because of the increased tilt and transmission power they may not be able to signal to it because of the changed uplink channel. The average distance between the antenna and UE increases hence UEs that are able to connect will on average be negatively impacted with respect to power consumption. 
Proposal 1: Add an FFS in the TR on how to handle the uplink in order to provide UE accessibility and not impact UE power consumption.
Even though the energy efficiency of Method 1 has been evaluated against lower standards than the reference features it does still not provide any energy saving gain compared to the reference features.
Proposal 2: Capture in TR36.887 [4] that the proposed compensation method has not been shown to provide any energy saving gain.
2.3 Remaining topics

This paper analyses the power consumption when the load in the network is low and static. If the dynamics in the network is to be taken into account the time constants, how local in the network the energy saving mechanisms can be applied and the capacity in the energy saving state needs to be taken into account.
· Micro sleep: Applicable to each cell individually on a time scale of micro seconds
· TRX switch off: Applicable to each cell individually on a time scale of seconds
· Omni cell: Applicable to a node on a time scale in the order of seconds
· Coverage change: Applicable on network level and requires communication between the eNodeBs. Triggers when the OAM shall decide to enter energy saving state or leave energy saving state needs to be defined.
Proposal 3: Add FFS for a description of how the OAM decides that the coverage changing network shall enter energy saving state (e.g. at which load).

Proposal 4: Add FFS for a description of how the OAM decides that the coverage changing network shall exit energy saving state (e.g. at which load).
Proposal 5: Take the dynamics of the network into account in next evaluation step in order to compare how large percentage of the time the different mechanisms are expected to be active.
A positive consequence of the reference energy saving mechanisms is the end user will not notice them. Method 2-5 have the maximum capacity quickly attainable (implementation dependent) and can provide the bitrates expected by a LTE network almost immediately and does not rely on reducing the bitrate to 1/1000 (10kbps/10Mbps) of what a user would expect as in [2]. 
3
Proposals

Proposal 1: Add an FFS in the TR on how to handle the uplink in order to provide UE accessibility and not impact UE power consumption.

Proposal 2: Capture in TR36.887 [4] that the proposed compensation method has not been shown provide any energy saving gain.
Proposal 3: Add FFS/issue in the TR for a description of how the OAM decides that the coverage changing network shall enter energy saving state (e.g. at which load).

Proposal 4: Add FFS/issue in the TR for a description of how the OAM decides that the coverage changing network shall exit energy saving state (e.g. at which load).

Proposal 5: Take the dynamics of the network into account in next evaluation step in order to compare how large percentage of the time the different mechanisms are expected to be active.

(Proposed update of the TR is attached to the document)
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Annex

Estimation of power consumption when increasing the coverage by α
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(A1)
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(A2)

Hence
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(A3)
Estimation of power consumption when using micro sleep
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Assuming ps = 0.9, Psleep = 75W and P0 = 130W gives the following approximation
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(A4)
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(A5)
Hence
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(A6)
Estimation of power consumption when the power amplifier is switched off
Assuming ps = 0.9, Psleep = 75W, P0 = 130W and β=0.4308P0 (see [6] for estimation of β) gives for the upper and lower bound:
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(A7)
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        (A8)
Hence
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(A9)
Estimation of power consumption when the power amplifier is switched off and micro sleep is used 
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An estimate of the lower bound is:
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Assuming ps = 0.9, Psleep = 75W, P0 = 130W and β=0.4308P0 gives for the upper and lower bound:
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(A10)
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(A11)
Hence
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(A12)
Estimation of power consumption in omni state
Using (1) as a reference state the energy savings becomes:
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An estimate of the best possible energy saving gain is:
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Assuming ps = 0.9, Psleep = 75W, P0 = 130W and β=0.4308P0 gives the following range:
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(A13)
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(A14)
Observation: 
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(A15)
eNodeB Power model
A TRX comprises an antenna interface, a power amplifier, a radio frequency small-signal transceiver section, a baseband interface including a receiver (uplink) and transmitter (downlink) section, a DC-DC power supply, an active cooling system and an AC-DC unit (main supply) for connection to the electrical power grid.

The relations between relative RF output power Pout and BS power consumption Pin is nearly linear hence a linear approximation of the power model is justified.
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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

Power model parameters for 2010 state of the art equipment are:

	BS type
	NTRX
	Pmax [W]
	P0 [W]
	∆p
	Psleep [W]

	Macro
	6
	20
	130.0
	4.7
	75.0
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