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1. Introduction
Network Energy Saving (NES) for E-UTRAN is under discussion in RAN3 [1] and SA5 [2]. In TR 32.826 [3], the Energy Saving Management (ESM) is investigated in the context of Self-Organizing Network (SON). Measurement and decision making can be at OAM or at Network Element (NE). Possible actions in NEs are switching cell/carrier on/off based on measured traffic load and/or service type. In this contribution, we share our viewpoints at NES and discuss related works that may be RAN1 responsibility 
2. Energy Saving Use Case 
NES can be centralized, distributed or hybrid depending on the measurement and decision making mechanism at OAM or at NE [3]. For ESM, the objective is to adapt the network to changing conditions. By now, the focus in OAM aspect and in RAN aspect is on switching on/off cell/carrier according to traffic load. In OAM aspect, switching is performed statically or semi-statically due to limitation in measurement reporting granularity. For UTRAN, NEs (base stations) can also reduce/increase transmitting power to expand/shrink its coverage. For example, ESM in capacity-limited, homogeneous networks during under-utilized off-peak times, e.g., at certain hours of the night is shown in Fig. 1(b). Some base stations (ES-compensate) would be enabled to adjust their transmission power and other configuration parameters to provide coverage for other neighboring cells (ESaving) when they are switched off during off-peak times. For E-UTRAN, coverage expansion can be achieved by reducing system bandwidth to increase power spectral density [4] (with the assumption that resultant power does not exceed its limitation). However, system layout in Fig. 2 instead of that in Fig. 1(b) may be possible when there is still hot-spot during off-peak times. In RAN aspect, switching on/off cell/carrier/PA in time, frequency or spatial domain in one eNB at low-load (non-full DL throughput in non-empty cell)/no-load scenarios can be performed in more dynamic way. 
Issues such as interference control and load balance in Fig. 1(b) and Fig. 2 must be addressed, especially those in Fig. 2. To initiate or deactivate energy saving on individual cell, coordination information between cells such as load and interference can be provided for decision making by OAM-driven configuration or SON functions.
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Fig. 1: High-level use case in TR 32.826: capacity-limited network 
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Fig. 2: Possible network layout when left-hand side eNB is located in hot spot 

ESM should take into account the achievable energy saving gains and the impact on the network performance. Switching on/off mechanisms can save power in such as signal processor, cooling system as well as PA. The disadvantage is that this mechanism may result in increased UE complexity, worsen user experience as well as increased control signaling [5]. Performance metrics for system/user throughput versus energy/power saving are needed to quantify effect on energy saving mechanism, the right time to activate/deactivate energy saving as well as the choice of layout in the above example.

Another method to perform energy saving in RAN is to arrange radio resources dynamically. With minimal RF power consumption as optimal criteria, it shows load-dependent time-frequency reconfiguration consume about 50% of full-load power [6]. Dynamic radio resources arrangement can save power/energy radiated over the air. It has advantages of no extra burden in UE and no additional control signaling. Visible impact in standardization is the introduction of radio resource utilization related performance metrics as addressed in [7]. 
3. Conclusions
In this contribution, we share our viewpoints for NES in E-UTRAN based on capacity-limited use case in TR 32.826. In OAM aspect and in RAN aspect, switching on/off mechanisms can be adopted, while dynamic resource management is unique in RAN aspect. For both mechanisms, new performance metrics capable of quantifying system/user throughput versus energy/power saving are needed. Since it is much easier to quantify power consumption over the air in RAN1, and dynamic resource management takes the advantage of much less standard impact, we suggest including dynamic resource management in the scope of NES and figuring out performance metrics related to radio resource utilization efficiency as the first step for NES.  
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