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[bookmark: _Ref421460494]At RAN#72 the technical report on Study on Scenarios and Requirements for Next Generation Access Technologies was agreed [1]. According to the agreed TR, one of the key performance indicators (KPI) is the UE battery life, and the requirement as stated in the TR is as follows
UE battery life can be evaluated by the battery life of the UE without recharge. For mMTC, UE battery life in extreme coverage shall be based on the activity of mobile originated data transfer consisting of 200bytes UL per day followed by 20bytes DL from MCL of 164dB, assuming a stored energy capacity of 5Wh.
The target for UE battery life should be beyond 10 years, 15 years is desirable
In this contribution we discuss the methodology for UE energy consumption evaluations.
Energy consumption evaluation
Methodology of evaluation
In Rel-13 NB-IoT, the battery life evaluation was performed based on the methodology described in [2].  The assumed transactions during an uplink reporting event are shown in Figure 1.


[bookmark: _Ref425337423]Figure 1: Message exchange during an uplink reporting event 
As illustrated in Figure 1 there are four different operating states (Tx, Rx, Idle, Standby), each with different power requirement. The details of these states are presented in Table 1.


[bookmark: _Ref419730228]Table 1 Power consumption assumptions for NB-IoT energy consumption analysis
	Operation
	Specification
	Power (mW)

	Transmission (Tx)
	Transmitter active at P dBm, assuming X% PA efficiency and Y mW for other analog and baseband circuitry.
	TBD 

	Reception (Rx)
	Rx with baseband processing
	TBD

	Idle
	Frame and frequency synchronization maintained
	TBD

	Standby
	Common assumption
	TBD



The table can be expanded to further include integrated PA or non-integrated PA, as well as different UE maximum output powers. However as a starting point it is reasonable to assume that the above states are applicable to NR UEs and similar evaluation can be used for battery life evaluation for NR. The exact numbers in the table are TBD and have to be agreed for specific designs.
Proposal 1: It is proposed to use a similar power consumption model as was used for NB-IoT, and corresponding power consumptions in different modes when agreed.	
Without having the detailed design of the NR specified, it is difficult to estimate the overall power consumption. However it can be assumed that the same four operating states (Tx, Rx, Idle, Standby) that was used for GERAN and NB-IoT evaluation, are used in NR.
If the time duration of each of the operation modes is determined, it is possible to find the total energy consumption analytically.  However the time duration of transmission and reception has to be determined by means of link simulations. Therefore it is proposed to study the battery life consumption in an analytic evaluation supported by link level simulations.
Proposal 2: It is proposed to study the battery life consumption in an analytic evaluation supported by link level simulations.

Traffic model
Power consumption of a UE also depends on the traffic model in UL and DL. Some of the important parameters in the traffic model are device arrival rate, packet size, etc..
In a CR to RAN1 from RAN plenary it is stated that [3]: “NB-IoT and eMTC should be used as the reference benchmark for assessing the performance of new proposals according to mMTC use case”.
Proposal 3: It is proposed that the traffic model, i.e. inter-arrival time, packet size, etc., are aligned with the assumptions in TR 45.820 which were used to study the feasibility of NB-IoT.



Conclusions
In this paper we studied UE energy modelling for NR UE and have the following proposals

Proposal 1: It is proposed to use a similar power consumption model as was used for NB-IoT, and corresponding power consumptions in different modes when agreed.
Proposal 2: It is proposed to study the battery life consumption in an analytic evaluation supported by link level simulations.
Proposal 3: It is proposed that the traffic model, i.e. inter-arrival time, packet size, etc., are aligned with the assumptions in 45.820 which were used to study the feasibility of NB-IoT.
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