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1. Introduction
Energy saving for LTE was introduced in Rel-9 [1]. The solution is to support cell switch on/off between peer eNBs. At RAN #47, new Study Item on network energy saving for E-UTRAN was agreed as in [2]. The scope until RAN #47 is to study network based schemes to turn cells on/off based on the Rel-9 solution in case of inter-eNB scenario. However, since the gain of energy saving is mainly derived from physical layer efforts, potential energy saving schemes from physical layer aspects should also be identified as alternative solutions at this phase. This paper provides the potential energy saving schemes and investigates issues to be studied in RAN3 for the support of these alternatives. 
2. Discussion
2.1. Energy saving schemes
In addition to the scheme to turn cells on/off, following energy saving schemes can be considered: 
· Frequency domain energy saving
As shown in Fig.1, energy saving can be done by turning off Component Carriers (CCs) in case of Carrier Aggregation, and possibly narrowing the system bandwidth of the active band. These schemes are backward compatible to legacy UEs. 
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Figure 1: Frequency domain energy saving

· Time domain energy saving

Fig.2 shows energy saving by using MBSFN subframes. Use of MBSFN subframe is backward compatible solution. Obviously, the combination of frequency and time domain saving is a possible scheme. 
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Figure 2: Time domain energy saving

RAN1 performed feasibility analysis on the abovementioned schemes and concluded as follows [3]:
· LTE supports energy efficient network operation within the Rel-8/9 RAN1 specifications.
· LTE Rel-8/9 RAN1 specifications allow for implementation-based energy saving methods without compromising backward compatibility.

RAN2 discussed support of the system bandwidth change on the fly in a backward compatible manner based on [4]. So far no conclusion has been made. 
From the other WGs analysis, it is thought that the abovementioned frequency/time domain energy saving schemes can be potential solutions. 
2.2. Network aspect issues
For the alternative schemes as abovementioned to work, necessity of network based schemes to support them needs to be analyzed based on the existing interfaces and functionalities. Regardless of the energy saving schemes, a viable use case is to save the energy of the eNB providing capacity booster cells as assumed in Rel-9. Based on the same assumption as in Rel-9, following aspects need to be clarified: 
· Autonomous or request based energy saving scheme activation/deactivation
In Rel-9, autonomous cell switch off is supported. In the same manner, the eNB can decide to activate the frequency/time domain energy saving according to the traffic load on the capacity booster cell, e.g., lower load than a certain threshold. 
With regards to the deactivation, i.e., turning on CCs, widening the bandwidth and releasing MBSFN subframe configuration this can also be done in an autonomous manner. The eNB serving the energy saved capacity booster cell can decide to deactivate the frequency/time domain energy saving, since the eNB itself is aware of the traffic load on the cell. 
As in Rel-9 solution, one can consider that the eNB providing basic coverage monitors the traffic load on the capacity booster cell and decide the deactivation. In that case, the Rel-9 solution, i.e., the X2AP Cell Activation procedure can be reused for this purpose. The establishment of a new X2 association can also be a deactivate indication. 
· Necessity to inform neighbour eNBs of the activation/deactivation
Since the abovementioned schemes can be done by modifying the configuration of CCs, system bandwidth and MBSFN subframes. The necessity to inform neighbour eNBs of the configuration modification needs to be clarified. However, even if it is necessary, the X2AP eNB Configuration Update in Rel-9 can be reused for this purpose. 
· UE handover to energy saved cells

In Rel-9, a new cause value was introduced in order to prevent the UE from moving back to the capacity booster cell being switched off. For the abovementioned schemes, since the UE can continue the ongoing session on the energy saved capacity booster cell, there is no need to restrict handover to that cell. 
From the above analysis, it seems that existing interfaces and functionalities can be reused to support the alternative energy saving schemes based on the assumption as in Rel-9.
3. Summary and proposal
In summary the followings can be concluded: 
Observation
Frequency/time domain energy schemes can be alternative solutions for energy savings. Rel-8/9 RAN1/3 specifications can support the solutions by implementation without compromising backward compatibility. 
However, if further enhancements for the Rel-9 RAN3 solution are discussed, it should be considered whether the enhancements are applicable to the alternative solutions. It should also be noted that further enhancements dedicated to the support of the alternative solutions could be discussed, if any.
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