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1. Introduction
The contribution proposes to add in an informative annex of TR 36.887[1] text from contributions [2]

 REF _Ref379999809 \r \h 
[3]

 REF _Ref379999811 \r \h 
[4] describing potential energy saving gains in Energy saving scenarios for LTE coverage layer scenarios.
To be noted that these contributions have already been agreed by RAN3, and two of them are referenced in the TR, but RAN3 decided to include them directly in the report to ease a comprehensive reading.

2. Conclusion
RAN3 is asked to approve text proposal hereafter for inclusion in TR 36.887[1]
3. References

[1] TR 36.887 V0.4.0 (2013-11), " Study on Energy Saving Enhancement for E-UTRAN" 
[2] R3-130862: “Discussion on the twin state ES solution for LTE coverage layer”, Fujitsu
[3] R3-130972: “Energy Saving Enhancement Study on LTE Coverage Layer Scenarios”, NEC
[4] R3-130669: "Transmission power optimization for non-overlapping macro deployments", NSN, CMCC
 Text proposal for TR 36.887
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Annex X(informative): Potential ES Gains - Simulation Results
1

Energy saving scenarios for LTE coverage layer

1.1
Simulation results 1: Compensating eNBs deployment scenario
Typically radio network planning for cellular networks is carried out to meet both coverage and peak capacity requirements. Generally, base-station density is high in populous areas like cities and town centres to meet the demands of heavy mobile voice and data traffic, especially during peak hours. However, the capacity requirement follows both short and long term temporal variations whereby the capacity demand can fall to less than 25% of the peak demand for nearly 8 hours of the day [X7].

During such off-peak traffic times, it is possible to achieve energy saving by switching off some base-stations leading to larger cell sizes covered by those that remain on. While the actual saving in the energy is dependent on a number of factors and will vary from case to case, a realistic scenario is illustrated to quantify the gains associated in using a fewer number of base-stations.

The following discussion illustrates power consumption of a cellular network in the twin states. When changing the states, only the transmit power and antenna down-tilt are impacted. Note in this example no further optimisation/enhancement in terms of coordination between eNBs is applied.

- 
State 1 with peak traffic: 19 micro sites with 43dBm RF power and 4° antenna down-tilt, covering 3 sector cells of 700m radius.

- 
State 2 with off peak traffic: 7 of the sites changed to Macro cells which cover the same region with 46dBm RF power and 1.7° antenna down-tilt. The 3 sector cells are now with 1400m radius.

Power consumption evaluation
The power consumption is calculated assuming a typical LTE base-station. As per the linear power model developed in [6], the stand-by (or sleep mode) power rating in the OFF state can be approximated to be 10% of the input power. Also, the input power varies at a much lower rate than the output RF power. In the example scenario, the RF power reduces to 50% in the micro-cell (peak demand) mode, but this will only save about 25% of the input power. Assuming the input rating for a base-station is maximum for the transmit power of 46dBm, the power consumption for 43dBm can be assumed to be approximately 75% of this maximum rating. Thus the power consumption ratios for the two states defined with the above parameters can be simplistically computed as below:

Let PBH be the input power required for the maximum RF output of 46dBm and Plow the input power required to produce 43dBm RF power. Thus we assume
Plow = 0.75*PBH 













(1)

As 19 base-stations are operational in State 1 (peak traffic) and 7 base-stations are operational in State 2 (off-peak traffic), then system power consumptions (BS operational power and backhaul) for two states P1 and P2 are:

P1 = 19* 0.75*PBH 












(2)

P2 = 7*PBH + 12*0.1*PBH  










(3)

We have assumed the power required for cooling as negligible. However in certain cases it may be significant. If the duration of operation in State 1 is denoted by TBH and that in State 2 is denoted by Tlow, then based on ETSI’s power model [X8] power consumption for system can be denoted by:

Ptwin = (P1 * TBH + P2 * Tlow)/(TBH + Tlow) 






(4)

Thus, power saving in a twin state network can be quantified as:

PStwin = [(P1 – Ptwin)/P1]*100 









(5)

The power saving achieved by the twin state network will vary as per the time period the network is able to operate in State 2, Tlow. Considering different proportions of TBH:Tlow for the 24 hour duration of a day, the power saving achieved in a system operating in twin states as against the traditional single State 1 is illustrated in the Fig. 1 below. As the Plow value (as a proportion of PBH) for different base station models can vary, we also include the possible energy savings for different ratios of (Plow/PBH) in Figure 1. For the adopted ratio of Plow/PBH =0.75 in the example, the twin state network offers around 15% power saving, considering 8 hours operation (per day) in the off-peak traffic state.

[image: image1]
Figure 1: Energy Savings for Twin State Operation
Observation 1: The energy saving achieved by the twin state network will vary as per the time period the network is able to operate in energy saving state.

Cell capacity evaluation
We use the network planning tool Atoll [X9] to evaluate the possible network capacity levels achievable with the two states described above. An LTE network is created with 2100MHz operating frequency and 5MHz bandwidth, with the 15 Adaptive Modulation and Coding (AMC) schemes supported in LTE. For this evaluation we only consider the downlink operation.

The cell/sector capacity evaluation in state 1 (for the 19 active cells) of the network is illustrated in Figure 2 (a); and Figure 2 (b) shows the cell/sector capacity evaluation for the off-peak state 2. The capacity in each coloured region in the map is related to the SINR in that region and the AMC scheme it can support. 
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(a) State 1
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(b) State 2


Figure 2:
Cell capacity evaluation for State 1 and State 2 of an LTE network
Comparing cell capacity of State 1 and State 2, it can be observed that

· The off-peak capacity supported by the network is roughly 30% of the peak capacity.

Hence our illustrated twin state network can be operated when the network load drops below 30% of the peak demand.

· In State 2 at cell/sector edges the network can only support 10kbps services. This is equivalent to basic voice quality in LTE. 

1.2
Simulation results 2: Compensating eNBs deployment scenario
We consider the non-optimistic scenario where compensation cell increases its transmit power to compensate for the energy saving cell and evaluate whether even in such scenarios energy saving gains can be obtained. The study done in R3-130669, based on the considerations in G. Auer et al. [X6] showed that significant energy savings can be obtained by reducing the transmit power of the eNBs. In this section, we consider the transmit power vs. power consumption data considered in R3-130669, G. Auer et al. [X5]

 REF _Ref380014131 \r \h 
 \* MERGEFORMAT [X6] to evaluate the possible energy savings by increasing transmit power of CS cells to compensate for the coverage of ES cells. For both the scenarios described in the previous section, the actual energy savings would depend on these two factors.

In Figure 3, the load of energy saving cell (traffic offloaded to CS cell before entering dormant state) compared to total power consumed by the cells for release-11 mechanism (where all cells remain active) and for various increase in CS cell transmit power values are shown. The values are shown considering the gains for one sector of ES and CS cells. The ES cell load is varied from 10 %, which represents the minimum load for sending reference signals to 50 % the possible maximum load at which an ES cell can enter dormant state. The maximum value used in the figure is only for illustration and could be pre-configured by OAM for e.g., depending on the backhaul capacity and QoS requirements of the network. From the figure, we can observe that for CS cell transmit power increase values less than 70 %, significant energy savings can be obtained in the network. The limits for increase in transmit power values could be configured by the network operator depending on the network deployment requirements. Since the eNB positions remain static, current considerations and requirements defined in R3-130748[X4] will ensure that significant energy savings can be obtained using the studied enhancements.
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Figure 3: Load of ES Cell vs. Total Power Consumed for various CS cell increase in Transmit Power values.

Observation 1: For CS cell transmit power increase values less than 70 %, significant energy savings can be obtained in the network, thereby enabling significant OPEX reductions for the network operators.
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Figure 4: Savings in power consumption vs. increase in CS cell Transmit Power value.

The power consumption savings relative to CS cell increase in transmit power values are as shown in Figure 4. For the scenarios considered in R3-130704, R3-130592[X2]

 REF _Ref380013968 \r \h 
 \* MERGEFORMAT [X3], where it was shown that with acceptable sub-optimal performance, compensation can be done without increasing transmit power values, power consumption can be reduced up to 22 %. For a normal scenario, a maximum of approximately 30 % transmit power increase would be required to provide same coverage and power values as before compensation (since each ES cell sector is compensated by 3 CS cell sectors), which would lead to approximately 12 % network power savings. Further analysis on a realistic network deployment and related OPEX reduction is done in the Appendix section.
1.3
Simulation results 3: Transmission power optimization scenario
Let’s make following assumptions, based on data published in [X1] using two Tx antennas for a cell:

· “Sleep Power” is 150W. This is needed in any case, even when the RF is switched off.

· Power consumption with zero transmit power is 260W

· Power consumption at max Tx power is ~450W

· Power consumption with zero load is ~280W (assuming 10% of max Tx power is used for reference signals)

· The relation between power consumption and transmit power is linear.

Assume that a cell may reduce the power in an area by 3dB (without affecting coverage or performance):

· Power consumption goes down from 450W to 350W (see Figure 1; assuming full load), or from 280W to 270W (assuming zero load).

· This means 10-100W savings for every cell in the area, 24 hours a day, 7 days per week.

Let us compare this with “classical” switch off method:

· Some cells may be switched off if capacity is not needed, e.g. 20% of the cells in 50% of the time can be switched off (optimistic approach!).

· In those cells and period, the power consumption can be reduced from 280W to 150W.

· So 130W can be saved in 20% of the cells in 50% of the time; therefore 13W is saved per cell on average.

· Even this 13W is questionable, since the load in the compensating cells will increase, which will increase the transmit power and therefore the power consumption as well. This further reduces the 13W saving.
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Figure 5. Power consumption per cell in [W].
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