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1. Introduction
Network energy efficiency was raised in [1] and its related WI was proposed [2]. Before making decision of the WI in the next plenary meeting, RAN1 could discuss this issue in RAN1#59bis and RAN1#60 meetings. In addition to extended cell DTX [1]-[6][9], several proposals were proposed and discussed in the last meeting [3]-[10]. During the discussion, it was pointed out that limiting the PA “on” time is one of effective approaches to reduce energy consumption of base stations [3]. In an example of daily traffic pattern [7], several hours of system traffic are in low load or even no load. Accordingly, this contribution proposes several possible schemes applicable to a system of low or no load traffic. Impacts of these schemes are discussed as well. 
2. Possible energy saving schemes during low/no load
During low/no load, several possible energy saving schemes are proposed and discussed as follows. 
Scheme #1

The first scheme is to maintain at least one carrier “on” in each frequency band and turn off the other carriers to save energy during low/no load. Fig. 1 illustrates an example of this scheme. There are two carriers in frequency band #i and three carriers in frequency band #j on the same geographic area. In each frequency band, only one carrier is kept on transmission of system signals during low/no load and the others are turned off to save energy. 
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Fig. 1 Maintaining at least one carrier in each frequency band and turning off the others.
In this scheme, energy saving is obviously from turning off transmissions on those carriers in gray in the figure. The network needs to re-schedule those UEs present in system to on-going carriers before turning off. Keeping at least one carrier in each frequency band during low/no load provides unchanged service coverage while saving energy. For example, if there is an UE powered at this moment, the UE still can search and camp on from each band of the system. No or only minor additional search time will be induced and no limitation is induced to the UEs with single/few frequency band capabilities to camp on each frequency band.
Scheme #2

Fig. 2 shows another scheme taking UE capabilities into account. The network could consider frequency band capabilities of present UEs and try to find out common frequency band(s) to serve present UEs. In the example of Fig. 2, there are three frequency bands #i, #j, and #k and 1, 2, 1 carriers in these bands, respectively. It is assumed that the network finds frequency band #i and #k are the minimum set supported by all present UEs, i.e. all present UEs at least support one frequency band in the set. Therefore, two carriers of frequency band #j can be turned off to save power during low/no load.

[image: image2.emf]Frequency 

Band # j

Frequency 

Band # k

Carrier # m

Carrier # m+1

Carrier # p

Carrier # n

Frequency 

Band # i

UEs


Fig. 2 Maintaining a minimum set of frequency bands and turning off the others.
Benefits of this scheme are straightforward and similar to the scheme #1. The network needs additional effort to find out a minimum set of frequency bands for present UEs. If the resulting minimum set indeed excludes one or more frequency bands, there exists certain risk if those UEs supporting only excluded frequency band(s) power on during this period. They will be unable to camp on service network. But, state-of-the-art UEs usually support multiple frequency bands and the risk might not exist. 
Scheme #3
Fig. 3 illustrates another possible scheme while all present UEs can be support more than one common frequency bands. The scheme is to maintain lower frequency band rather than high frequency bands since lower frequency band usually has better power efficiency of coverage. In the example of the figure, frequency band #i, #j, and #k are assumed to be supported by all present UEs. The network could then choose the lower frequency band #i and turn off frequency band #j and #k. 
This scheme is intended to provide better power efficiency of coverage while present UEs support multiple frequency bands. A similar risk as that in scheme #2 might exist for new powered on UEs.  
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Fig. 3 Maintaining low-frequency carrier and turning off the others.
Scheme #4
Fig. 4 illustrates a power saving scheme to turn off those cells having no UE present. During low/no load traffic hours, the network might have chance to turn off some cells in which there is no UEs present. This scheme might be feasible for rural area, where UEs might only gather in some areas, e.g. downtown, residential districts, etc., during deep night or early morning. Locations of UEs can be obtained through, for example, TA updates, LBS-related functions, etc. Energy saving is obtained directly from those turned off cells. 
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Fig. 4 Turning off cells having no UE present during load/no load traffic hours.
While some cells without UEs are turned off, there exists certain risk for new UE powered on in these cells. Another impact is mobility issue and it needs to be handled by further enhancement. For example, the network could maintain UE present cells and their neighbour cells “on” to insure UE mobility.  Mobility activity is assumed to be quite low during low/no load hours. 
Scheme #5
Fig. 5 illustrates another scheme to save power by reducing radiation power of the base station. During low/no load, present UEs in a cell might be able to be covered by a lower level of radiation power from eNB as compared to the power level decided by cell planning. Each cell can have its own control of the reduction on radiation power according to its UEs’ positions and situations. If there is a need, the power level can be re-turned back to cell planned level. While a UE is moving toward cell edge and/or handover happens, cell planned power level should used to provide good coverage and handle mobility issue. Again, mobility activity is assumed to be low during low/no load hours. 
Reduction of radiation power will affect the calculation of path loss in UE sides and it is needed to update the information of radiation power level whenever it is changed. 
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Fig. 5 Reducing radiation power of base station.
3. Summary
This contribution presents several possible schemes that could be applied to reduce energy consumption during low/no load hours. Scheme #1, #2, and #3 could be applied to systems with multiple carriers in multiple frequency bands. Scheme #4 and #5 are applicable while UE location information is available. Some impacts to systems are also discussed. The contribution illustrates these schemes to show potential feasibility for energy saving in LTE/LTE-A cellular network and hope to help decision on network energy saving WI in the next plenary meeting. 
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