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1   Introduction
The Feasibility Study [1] describes various usage scenarios and Key Performance Indicators for the New Radio Technology. Report of RAN sets Qualitative KPI for UE energy efficiency as “UE energy efficiency means the capability of a UE to sustain much better mobile broadband data rate while minimizing the UE modem energy consumption”. 
In this paper, the power modelling aspects of the user node are discussed. We are proposing that when estimating the power consumption of the user node at least the following parts should be taken into account: 1) sleep mode, 2) modem ramp-up/ramp-down, 3) modem idle, 4) modem actively transmitting and 5) modem actively receiving. This is because the mentioned parts are essentially different: Parts 1), 2) and 3) are dependent on the basic modem architecture and parts 4) and 5) are additionally dependent on the various transmission parameters: e.g. data-rate, symbol length, bandwidth, received and transmitted power levels. The mentioned breakdown is essential for the system evaluation point of view since various system scenarios are based on different level of utilization of modem resources for receiving and transmitting. 
2   Discussion

NR should support wide ranges for various transmission parameters such as data-rate, bandwidth, symbol and frame lengths, antenna set-up and latency [2]. The evaluation of the power efficiency requires commonly accepted power consumption model that can be used for various scenarios.  

The document R2-071285 [3] is very widely referred document in 3GPP standardization. However, the values used in [3] do not correspond with real modems. Additionally, the power consumption model lacks several components which are relevant when evaluating the energy efficiency of the User Equipment for various system proposals. The document [3] proposes that the UE can transit from sleep mode to active within 2 ms and from active to sleep in 0 ms which are not realistic values. Measured values show around 10 ms or more for transitions from deep sleep to active. Furthermore the sleep power is set to 0 mW in the model while in practise it is around 10 mW. The modem neither considers the effect of modem transmissions and receptions. The document [3] gives too optimistic view on how the modem can behave in practise and also too optimistic results for power saving in DRX. 

Short example showing the power consumption for low duty cycle NR service (Figure 1) is shown here. The average power consumption of the cellular modem duty cycle can be estimated as: 
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where:

·  Ps,a, Pud,a, Pcs,a Ptx,a and Prx,a are the average power consumption of the modem contributed by sleep mode, ramp-up/down of the cellular subsystem, the cellular subsystem during active period (Ta), average active transmission power and average active reception power, respectively. Typically, Ptx,a is dependent on the output power of the modem and Prx,a is dependent on the reception bandwidth. However, in this proposal these dependencies have not been considered in detail.

· Ps, Pud, Pcs Ptx and Prx are the power consumption values when the UE is in the corresponding mode, e.g. Prx is the power consumption when the modem is actually in the receive state.

· Tud=Tu+Td, where Tu and Td are time durations for switching on and off the modem.

· Tc is the length of the duty- cycle. 
· Ttx and Trx are the duration for the active transmissions and reception, respectively. 

The duty cycle with these parameters is shown in Figure 1.
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Figure 1. Duty cycle of the cellular modem.
Default values for the power model are shown in the Table 1. The values of the active transmission and reception are dependent on the transmission parameters e.g. data-rate, transmission powers, reception powers, bandwidths etc. and they are not shown in the table. 
Table 1. Example parameter values for the power consumption calculations.

	Parameter
	Value

	Ps
	10 mW

	Tu
	6 ms

	Td
	3 ms

	Pcs
	400 mW


Illustrative breakdown calculation is shown in Table 2. In this example Ta is 1 ms and the total active reception and transmission times (Ttx and Trx) are set to 16 μs during the active time. The duty cycle is considered to be 100 ms, the transceiver and receiver power consumption are both set to 1000 mW. 

It can be seen that the sleep power, the cellular subsystem power and the ramp-up/down powers which have not been taken into account in the model [3] are the dominant factors. Especially with NR with low symbol length, high latency requirements and with potentially long duty cycles, contributions (overhead) of these elements should be taken into account.

Table 2. Example power consumption breakdown

	Psa
	9 mW
	28.7%

	Pcsa
	4 mW
	12.7%

	Pud
	18 mW
	57.3%

	Ptxa
	0.16 mW
	0.6%

	Prxa
	0.16 mW
	0.6%

	Total
	31.16 mW
	100%


3   Conclusion
Proposal 1: Development of a new power consumption model to be used for NR User Equipment power efficiency studies should be considered. The model should take into account various aspects relevant to NR which are FFS.
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