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1. Introduction

In [1] we have summarized possibilities and criteria for energy saving that could be studied as part of the LTE-A study.
We look in this contribution at the issue of reducing power consumption in unloaded cells. It is studied how a reduction of energy consumption can be pursued by switching off antennas or power amplifiers (PAs) or by reducing the bandwidth. 
A limitation of the proposal in [2] is that it is only applicable if a cell is completely “empty” and not a single UE has to be served at a given time. Also important are methods that provide energy savings during times when there is low traffic (which do not require full DL throughput) but the cell is not completely empty.
2. Reducing energy consumption of multi-antenna cells during times of low traffic

We explain some possibilities by means of a suitable example. In Figure 1 e.g. a macro cell configuration with 4 Tx antennas is shown. In this example it is assumed that each PA has nominal output power of 10 W and the transmission bandwidth is 20 MHz
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Figure 1: Cell configuration with 4 Tx and 4 Power amplifiers 
In this example during times of low traffic load the eNodeB can switch off e.g. 2 power amplifiers and go from 4 Tx to 2 Tx antenna configuration as e.g. also mentioned in [4]. This is shown in Figure 2 REF _Ref253561395 \h 
. 
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Figure 2: Switching off 2 of the 4 Tx power amplifiers.

Such an approach on its own would decrease the cell size due to loss of signal power the reduced cell size can either be simply accepted or counteracted by other measures to keep up the old  size.
2.1. Possibilities to keep up the same cell size when antennas are switched off
One possibility could be to simultaneously reduce the transmission bandwidth, e.g.. from 20 MHz to 10 MHz, to keep the combined power spectral density constant and we can stay with 2 times 10 W power amplifiers. The effect when going to just 1 Tx antenna (PA) is  shown schematically in Figure [3]  REF _Ref253561395 \h 
. A reduction of frequency was also mentioned in [5].
The reduced system bandwidth and antenna configuration would in these cases need to be signalled to the UEs by a change in the PBCH information. It should be noted that such changes cannot occur frequently, and the scheduler should avoid scheduling data transmissions during the transition in order to avoid data loss. This is addressed further in section 2.2 below. 
[image: image3.emf]
Figure 3: Bandwidth change with same power spectral density. For example b2 = 5MHz and b1 = 20 MHz, in conjunction with changing number of antenna ports from 4 to 1.
Another possibility to avoid reducing the system bandwidth and cope with the SIR equal -3 dB seen at the previous cell border would be to adapt the control signalling. For example, for the PDCCH a higher aggregation level can be used, or some PDCCHs can be unused to enable the power to be shifted to the used PDCCHs (this should not be a problem in the low-load scenarios that we are considering here). This power shifting can result in e.g. a 3 dB higher power of the used REs to compensate for the SIR reduction that arises from the reduced number of antenna ports. For the PDSCH, the SIR reduction from the reduced number of antenna ports can be compensated by using a lower MCS or power control with 3 dB increase if QPSK modulation is used.
In summary for the case of switching off Tx antennas (power amplifiers) the output power can be reduced by 1/4th  by such a measure without implications to the mobility measurement performance. 
Now adding up further the possibilities of reducing the transmit duration by introducing MBSFN subframes the power can be further reduced by a factor 0.28 (see [3]). This gives in total a very substantial reduction expressed by a factor of 0.07. 
2.2. Possibilities for configuration switching

Although there is a mechanism for synchronous change of system information for RRC_connected UEs provided by layer 3 it should be avoided to use this to change such basic information as antenna configuration or bandwidth. 
So currently there are seen two possibilities either a Radio link failure is accepted for which a recovery would take about 500ms or the data traffic should be so low that all UEs (if any) inside the cell can be transferred into RRC_idle mode. In that case they would be tasked to read paging e.g. every 320 ms. So a necessary length of inactivity should be in the order of 400ms so that a configuration change is possible without any interruption.
It should be noted that those inactivity periods come with higher probability when the average traffic has also decreased due to the time of the day.

2.3. System impact
Current Rel-8 signalling allows signalling of the antenna configuration and bandwidth in the PBCH. This information is read as part of the MIB. So switching off the Tx antennas (power amplifiers) is already covered as part of the system information and no change of specification is necessary to signal these values to the UE. The mechanisms to convey this information without interruption is described in the previous section.
2.4. General considerations
Given the substantial energy saving possibilities outlined above, it must be questioned whether more drastic reductions that have the downside of not being backward compatible can really be justified.  
Consider a simple on/off model of traffic flow with an activity factor 
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 is the power consumption needed for full load and high performance. Further we assume  that 
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 is the reduced power still needed when there is no traffic. Then the total average power over a day is 
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. The relative power reduction is then  
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So it can be observed that further reduction of 
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 would only bring a percentwise gain if 
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 would be very small. We do not therefore see a strong justification for such a use case.
3. Conclusion

In this contribution we looked at the possibilities to save eNB energy in times of low traffic but not zero traffic. In particular we showed the possibilities for energy saving by switching off Tx antennas, and further showed that possibilities exist to maintain cell coverage in such cases. In contrast to [2] such solutions allow significant energy reductions without backward compatibility implications (e.g. to the mobility measurement performance).
So useful energy savings are possible with minimal (or no) impact to the standard and can be based on implementation solutions that allow backward compatibility.
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