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1 Introduction

The Intra-LTE energy saving scenarios and possible solutions for LTE coverage layer were discussed in RAN3#79bis meeting. NSN has provide evaluation results to prove the efficiency of the proposed solution [1], while Mitsubishi has presented the simulation results to show the feasibility of ES for LTE coverage layer [2]. Sharing the similar spirit, in this paper we provide a simple solution for ES scenario for LTE coverage layer with evaluation results and potential issues for further investigation in RAN3. 
2 Discussion
As agreed in [4], energy saving scenarios for LTE coverage layer are the scenarios where a LTE layer deployed according to network planning to provide coverage may offer opportunities to reduce the overall energy consumption. Energy saving scenarios include cells switching off with compensation provided by neighbour cells and/or other energy saving methods, e.g. energy saving with Tx power optimization.
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 [5].

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.

2.1 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 [7] 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.
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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.

2.2 Cell capacity evaluation
We use the network planning tool Atoll [8] 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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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. 

Observation 2: Certain cell capacity can be guaranteed in the energy saving state. However, services with high QoS requirements may not be supported, especially at cell edge.
3 Conclusions and Proposals
Based on the discussion and analysis above, it is clear that the energy saving can be achieved by the twin state network. The better energy saving performance can be achieved when the network is able to operate in energy saving state for as long as possible. 

One critical issue has been identified that in the energy saving state services with high QoS requirements may not be supported, especially at cell edge. Therefore it is crucial to guarantee the high QoS requirements in the energy saving state. 

Proposal 1: RAN3 to agree that the energy saving can be achieved by the twin state network.
Proposal 2: RAN3 to further investigate the need for optimisation/enhancement in order to guarantee the high QoS requirements in the energy saving state.
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