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1. Introduction

In RAN1 #72bis meeting, we agree a lot of assumptions for evaluations but left some for them for further study (FFS). In the category of evaluation metrics, the UE power consumption model is left as FFS as follows.
Agreement: on Metrics for Discovery.
	Power
	Power consumption model through ON time or equivalent power consumed (transmit power should be captured differently than received power -- detailed model FFS)


Agreement: on Metrics for Communication
	Power
	Power consumption should be model; detailed model is FFS.


In this document, we first discuss that energy consumption model is better to be used than power consumption model. Then we consider the energy consumption of UE and propose an UE energy consumption model.
2. Power Consumption and Energy Consumption
Conceptually, power consumption of one device is the amount of energy consumed by this device in one second. And the energy consumption of one device is the amount of energy consumed by this device in a period. Therefore, the energy consumption (E) of one device in a period is equal to the average power consumption (P) within this period multiplied by the duration this period (T). It can be described as the following equation.
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In practice cases, we consider more about the energy consumption than just the power consumption since what we care is the total amount of energy consumed. Therefore, we could observe 2 categories of technologies to enhance energy efficiency. One is power-efficiency technologies which are trying to minimize the peak and average power consumption. Another category is power management technologies which are shortening the time period that the device is on. Therefore, we consider energy consumption model considering both instant power and active time is better to be used.
Proposal 1: Using energy consumption model considering both instant power and active time to replace power consumption model.
3. Energy Consumption of UE
In general, the total energy consumption of one user equipment (UE) is the sum of energy consumed in all circuits of a UE, including both analog circuits and digital circuits. From the communication perspective, the relevant circuits are the digital processors (e.g. ARM and ASIC, for application and baseband processing) and the analog front-end (e.g. filter and power amplifier, for transmitting and receiving signal). To model entire energy consumption of an UE, we need to understand the energy consumption in each of the 2 categories of circuits. In the following, we introduce the models proposed in this document to be used in evaluations. 
3.1 Energy Consumption in Analogy Front-end
During the transmission, the energy consumption in analogy front-end is dominated by the transmission energy, which is the energy consumed in power amplifier. Due to there exists many technologies to minimize energy efficiency of power amplifier, it is very difficult to find a universal model of transmission energy. To have a simple and intuitive metric, we propose to use the theoretic minimum of transmission energy which is derived as follows.
From the Shannon capacity theory [], given a channel response H, bandwidth B and transmit power P, the achievable data rate C can be described as follows, Where N0 is the noise power spectrum density.
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By properly exchanging terms on both sides of the equation, we can find the minimum energy required for transmitting b bits is as follows.
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In a system where the entire bandwidth is divided into REs, the above equation denotes the energy consumed in one RE when there are b bits on it. For a RB, the total transmission energy in analog front end is the transmission energy per RE multiplied by the number of RE as follows, where bn is number of bit on RE n and Hn is channel frequency response on RE n.
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In addition to this theoretical minimum energy consumption, a more practical model integrating bit error rate (BER) requirement can be found in [1] as follows, where Nf is receiver noise figure.
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The total energy consumed for all REs can be described as follows.
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On the other hand, there is still energy consumed for processing during transmission and reception. For the processing energy, there is a model included in [2] which states that the processing energy is scaling with data rate and can be modeled as follows, where T is the transmission/reception time of an OFDM symbol, which can be approximated as 1/B.
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Therefore, the entire energy consumption in analog front-end is as follows.
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3.2 Energy Consumption in Digital Processor
Depending on the design, some UE might have 2 kinds of digital processors as general purpose processor and special purpose processor, and other UEs might have only general purpose processor. In general, the general purpose processor handles both communication-related instructions and the instructions for other functionalities (e.g. image processing, I/O,…,etc.); the special purpose processor is usually utilized for baseband signal processing. To build up a more general model, we consider energy consumption in both kinds of processors.
For the general purpose processor, its energy consumption can be described as follows, which shall be varying with the number of communication instructions to be executed (Nin), average number of clock cycle to execute the instructions (Nc), clock interval (Tc) and power consumption (Pgpp).
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For the special purpose processor, due to it is usually used for transmission signal processing, we model it’s energy consumption as follows, which is varying with power consumption and transmission time.
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Therefore, the entire energy consumption for digital processors can be modeled as follows.
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Sometimes, we may consider it is too difficult to compute the number of communication instructions to be executed. A simple way is to use the transmission/reception time as an approximation, and the entire energy consumption for digital processors can be modeled as follows.
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4. UE Energy Consumption Model
From the above analysis, we have the following energy consumption model for UE, in which the entire UE energy consumption is the sum of energy consumption in Tx, Rx and Sleep mode.
Tx mode: 
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Rx mode: 
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Sleep mode: No power consumption.

Proposal 2: Considering the energy consumption model proposed in this section.
5. Conclusion
In this document we have 2 proposals as follows.
Proposal 1: Using energy consumption model considering both instant power and active time to replace power consumption model.
Proposal 2: Considering the energy consumption model proposed in this section..
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