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1. Introduction
User throughput and system throughput are affected by four kinds of radio resources. They are time domain, frequency domain, spatial domain and magnitude-related resources. To minimize cost while providing satisfied end user experience with diverse service type in different scenarios, it seems inevitable to set up metrics for evaluating joint resource utilization efficiency. In this contribution, the main focus in on discussing the capability that newly introduced metrics should have instead of suggesting performance metrics.

2. Discussions on Evaluating Resources Efficiency 
Consider a band-limited Gaussian channel operating in the presence of additive Gaussian noise. The channel capacity is given by
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where C is the capacity in bits per second, W is the bandwidth of the channel in Hertz, and S/N is the signal-to-noise ratio. In MIMO or virtual (Network) MIMO channel, the capacity can be further increased according to the rank of the channel and eigenvalue of HHT, where H is the channel response. The throughput in bits is thus affected by four kinds of radio resources. They are elapsed time, bandwidth used, spatial dimension and signal-to-noise ratio. Well known metric used by 3GPP for evaluating resource utilization efficiency is spectral efficiency in bits per second per Hertz (bits/s/Hz). In traditional homogenous networks, spectral efficiency implies MIMO and power efficiency though they are not explicitly indicated in the metric. Recently, generalized area spectral efficiency in bits per second per Hertz per area (bits/s/Hz/m2) is also included as performance metric in Heterogeneous Networks (HetNet) [1] where high power nodes (Macro cell) can be overlaid by low power nodes (Pico, RRH, Femto and Relay). However, as nodes’ power in HetNet are no longer the same, spectral efficiency and area spectral efficiency have difficulty in fully representing resource utilization efficiency.
An example is shown in Fig.1. The user distribution and desired serving area are given. Both option in Fig. 1(a) and option in Fig. 1(b) are assumed to meet spectral efficiency and area spectral efficiency requirement in cell planning stage. However, information about which option consumes less power in downlink (which implies less OPEX) are not revealed, nor is the energy consumed for successfully transmitting unit bit in the given area within restricted time interval.
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(a)                                                                                    (b)
                                               Fig. 1 Two options for network deployment 

Another example shown in Fig. 2 occurs in operating stage where cell deployment is fixed but combination of service type varies with time in downlink as listed in Table. 1. During time instant t0 to t1, bs1 and bs2 only serve UE1 and UE2 individually. During time instant t1 to t2, UE3 and UE4 come to be served in the system. To categorize available technologies, MCS (modulation and coding scheme) is time domain resource utilization. Carrier bundle or not is resource utilization in frequency domain while SU-MIMO, MU-MIMO and CoMP belong to the category of resource utilization in spatial domain. Different combination of available technologies results in different radio resource utilization. Two possible configurations are shown in Table. 1. Other than finding out which solution is more spectral efficient or more area spectral efficient, it is meaningful for operator to know which solution is more power/energy efficient when both solutions meet the requirement to provide satisfied user experience.
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(a)                                                                                                (b)
   Fig. 2 4 UEs served during (a) t0 to t1 and (b) t1 to t2 in a system composed of 2 nodes bs1 and bs2 within area A
Table. 1 Traffic types during t0 to t2 of 4 UEs and possible resources combination during t1 to t2 in Fig. 2(b)
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FB: Full buffer        NFB: Non-full buffer
In the above examples shown in Fig. 1 and Fig. 2, energy radiated over the air includes data part and non-data part such as control and reference signal. If the low power nodes are relay, the backhaul link consuming radio resource in frequency domain would need to be counted according their types [1] 

Recently, network energy saving are considered in many aspects in different work groups [2]. The focus in RAN1 is on switching on/off PA either in time, frequency or spatial domain [3] in one base station at low-load (non-full DL throughput in non-empty cell) [4]/no-load scenarios. These mechanisms may result in reduced coverage, increased UE complexity and worsen user experience as well as increased control signaling. To fairly quantify pros and cons of network energy saving mechanisms, the first step as pointed out in [5] is to identify all the necessary metrics. Resource utilization metrics discussed above may be employed to evaluate RAN-related energy saving mechanisms. In [5], similar concept as the example depicted in Fig. 2 were proposed where time-frequency reconfiguration for network energy saving is load-dependent. In addition to consider power/energy consumption in one base station, resources utilization here are suggested to be considered from system perspective to avoid increased burden to remaining cells [3].

3. Conclusions
Issues in power/energy efficiency are becoming increasingly important in cellular systems. For operators to provide satisfied service with reasonable OPEX in varying environment, the focus in RAN1 is first suggested on energy radiated over the air to expedite the progress. In this contribution, the necessity, scope and benefits of introducing new metrics jointly evaluating all kinds of radio resources efficiency are discussed. In cell planning stage, these metrics would be able to indicate low OPEX deployment with heterogeneous nodes including Macro, Pico, RRH, Femto and Relay. In operating stage, these metrics should be capable of evaluating load-dependent and service-dependent mechanisms as well as RAN-related energy saving mechanisms. Ongoing study and discussion to figure out metrics with the above capability for fair evaluation from system point of view are suggested.
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