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Discussion and Decision
1
Introduction
3GPP RAN has been working on the UE battery life requirement specifically form massive long-life battery powered devices with currently ongoing discussion on the parameterization [1]. At the time of writing, the RAN71-03 email discussion was suggesting to set the following 5G requirement, to be finally decided in RAN#72 in June:

- 10 years battery life for 200B UL per day from MCL of 164dB, assuming a stored energy capacity of 5Wh

Even though the abovementioned requirement works well when establishing a pass/fail criteria for 5G New Radio, it may not be sufficient when attempting to compare different solution proposals. In addition a UE energy consumption model is needed to validate that particular solution meets the set pass/fail criteria.

In this contribution we provide our first input on the UE energy consumption modelling that could be used both in establishing that a particular proposal is capable of meeting the set 5G New Radio requirements for UE battery life, as well as in a more refined comparisons to be conducted in RAN1 when assessing merits of different solution proposals.  We take the 3GPP realese 13 UE NB-IoT evaluation approach as the basis [2], and assess what modifications need to be applied for the 3GPP NR mMTC design evaluation, specifically targeting the mMTC traffic models.  
The rationales leading to the various proposals are outlined in Section 2, while the list of proposals are summarized in Section 3.
2
mMTC UE power model considerations 
2.1
Evaluation methodology

A good starting point for NR mMTC UE energy consumption evaluation are the 3GPP assumptions used when analysing the NB-IoT performance [2]. Table 1 lists the components of the 3GPP model along with example values and notes for power usage; for NR UE devices the exact power consumption values to use may certainly differ and is subject to further discussions agreements in 3GPP. It has to be noted that this model was used for typical UL LTE access schemes (RACH, RRC setup, scheduling grant, etc.) Nevertheless, the same model can also be applied for any contention based radio access (non-orthogonal, coded) which are being considered in 3GPP NR SI phase. 
The UE energy consumption can be estimated analytically based on this model simply by utilizing the corresponding time-duration of each operating mode, which are specific to given radio access solution and adopted uplink and downlink traffic model(s).

Table 1: UE power consumption model with example of power levels used for 3GPP Release 13 NB-IoT evaluations [2].

	Operating mode
	
	Power (mW)
	Notes

	Transmit
(+23 dBm)
	Integrated PA
	500
	+23 dBm with 45% PA efficiency for class B (including Tx/Rx switch insertion loss) plus 60 mW for other circuitry.

	
	External PA
	460
	+23 dBm with 50% PA efficiency for class B (including Tx/Rx switch insertion loss) plus 60 mW for other circuitry.

	Receive
	Synchronization (PSS/SSS)
	70
	Accounts for more complex digital processing during synchronization.

	
	Normal
(non-PSS/SSS)
	60
	Includes digital mixing/decimation to single 15 kHz sub-channel, and subsequent demodulation of this sub-channel.

	Sleep Mode
	
	3
	Corresponds to maintaining accurate timing by keeping RF frequency reference active.

	Standby 
(Power Saving Mode)
	
	0.015
	Common assumption.


In order to be able to analyse the UE energy consumption in the context of various NR mMTC radio access solutions, a relatively simple power model should be adopted in 3GPP, which is valid for both contention based and scheduled access solutions.  
Proposal 1: Adopt a simple UE energy modelling approach for NR mMTC radio access energy efficiency analysis which is not specific to any particular radio access solution.
2.2 
RF and baseband aspects
The simplest approach, also adopted for 3GPP Release 13 NB-IoT analyzis [2], is to assume a certain (or a set of) UE RF power amplifier efficiency value(s). In reality, the UE power amplifiers are known to exhibit rather variable power efficiency vs. RF transmit power [3]. These results in addition to the latest technology developments in the field since 2013-2014, support the need to update the simple model adopted 3GPP Release 13 NB-IoT when studying NR mMTC radio access performance. It has to be further considered that a certain category of mMTC UE are likely not to use external (high) power amplifiers and operate with a significantly lower maximum transmit power level compared to the commonly assumed 20 dBm or 23 dBm. 
Another important aspect is the uplink power control (PC) scheme [4]. The UL PC has clearly significant impact on the overall energy consumption. In the vast majority of the mMTC use cases, e.g. small-factor and operating on limited battery power, an open loop (OL) PC can still be considered a basic mechanism to control uplink interference [4]. Further, in case of NR mMTC transmission parameters, such TTI bundling (multi-TTI), transmission repetitions, MCS selection, are also dependent on the transmit power when the overall target is to maximize access capacity and in the same time minimize the energy consumption (increase battery life time) of the devices.
Proposal 2: Adopt an energy consumption methodology which includes assumptions most suitable for NR mMTC UE devices on the power amplifier efficiency, in combination with a baseline LTE uplink open loop power control mechanism.
2.3 
Service and traffic specific aspects
3GPP has adopted for Release 13 NB-IoT evaluation a set of traffic models which are also representative for various NR mMTC use cases. Table 2 lists as example the mobile autonomous reporting model parameters. While the exact values for payload and periodicity can be further updated for NR mMTC use cases (more aggressive traffic, new applications), we belive that the overall approach should be still valid.

The adopted traffic model(s) will have significant impact on the energy consumption of the NR mMTC UE devices. Further, the traffic model will also impact the developments and evaluation of NR radio accees configuration (contention and/ or scheduled), extended DRX, mobility and paging mechanisms.
Table 2: MAR periodic UL reporting traffic model [2]

	Characteristic
	

	Application payload size distribution
	Pareto distribution with shape parameter alpha = 2.5 and minimum application payload size = 20 bytes with a cut off of 200 bytes i.e. payloads higher than 200 bytes are assumed to be 200 bytes.

	Periodic inter-arrival time
	Split of inter-arrival time periodicity for MAR periodic is: 1 day (40%), 2 hours (40%), 1 hour (15%), and 30 minutes (5%)


Proposal 3: Adopt as baseline the mobile autonomous reporting traffic modelling approach utilized for 3GPP Release 13 NB-IoT. Certain parameter values could still need to be updated for the mMTC new use cases.   
3
Conclusions
The target UE battery life and the corresponding evaluation methodology under definition for TR38.913 requires and agreed UE power consumption model. In addition, in order to compare different technical proposals, a more refined model for comparative evaluations assuming traffic models should be used in RAN1. Such models can be derived from those used in the NB-IoT evaluation. 
The summary of our proposals for evaluating different mMTC solutions in RAN1: 

Proposal 1: Adopt a simple UE energy modelling approach for NR mMTC radio access energy efficiency analysis which is not specific to any particular radio access solution.
Proposal 2: Adopt an energy consumption methodology which includes assumptions most suitable for NR mMTC UE devices on the power amplifier efficiency, in combination with a baseline LTE uplink open loop power control mechanism.
Proposal 3: Adopt as baseline the mobile autonomous reporting traffic modelling approach utilized for 3GPP Release 13 NB-IoT. Certain parameter values could still need to be updated for the mMTC new use cases.  
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