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1 Introduction

A new WI “NB-IOT” was motivated by the GERAN SI “CIoT” [1] and was approved in RAN#69 [2]. One of the key objectives is to specify a radio access for cellular internet of things, which supports “ultra low device cost, low device power consumption”. As stated in the WID, there are currently two uplink physical layer design options under considerations for NB-IoT:
· FDMA with GMSK modulation (as described in 3GPP TR 45.820 section 7.3)
· SC-FDMA (including single-tone transmission as a special case of SC-FDMA) 

In addition, it was agreed in [3] and [4] that the “UE transmit power” for NB-IoT link-level evaluation for both in-band and guard-band deployment scenarios should be “23dBm”.   
This document discusses the relationship between transmitted power and peak current, and the implications of the discharge characteristics of practical batteries.
2 Battery Considerations 
A system designed to support cellular IoT communications needs excellent coverage, very long battery life and low cost. These devices will be often deployed in hostile locations, examples being manholes (e.g. for water metering); remote facilities (e.g. for alarms or environmental monitoring); in the chassis of a vehicle (e.g. for security alarms); and wearables (e.g. for child and animal tracking). 
One fundamental requirement is that in many cases there is no local power supply either for convenience (water meter, tracker, covert security sensor) or safety (gas meter). The operational justification for an application often depends on not having to visit a location to replace a battery as the cost of a “truck roll” is high. Battery cost and device size are also important considerations. Many mission-critical applications such as metering are required to operate at low temperature, for example down to -20o C.  In many places such temperatures will be experienced in winter on a nightly basis.  

In applications such as utility metering (as an example) there may be service level agreements between the parties (network operator, metering service provider, meter supplier, utility) that amongst other things cover battery life and communications reliability. Conservative engineering principles need to be applied to ensure that this is possible.
Lithium Ion Polymer (LiPo) secondary batteries are now ubiquitous in mobile phones. They have good energy density and support quite high discharge current. But for long life applications they have unacceptable self-discharge characteristics (1.5-2% per month), therefore primary batteries may be required due to their lower self-discharge rate if the device has to operate for periods measured in years.
Alkaline manganese batteries in the commonly available "AA" style case are widely available and low in cost through economies of scale. A pair of "AA" cells can have a nominal energy capacity of 7.5 Wh at 3 V nominal voltage. Alkaline manganese batteries do not perform well at low temperature (below freezing), and as they discharge their internal resistance increases so they are less capable of supplying peak currents.
Lithium-thionyl-chloride (LTC) batteries are often specified for applications such as utility meters that require long operating life and must operate at low temperature. Different cell construction in a given form factor yields either optimum energy capacity or best peak current capability.  Peak current capability is not well specified at low temperatures and end of life. LTC cells are significantly more expensive as the production volumes are smaller and special handling precautions are needed to deal with environmental and safety concerns. They typically have a self-discharge rate of about 3% per year, so for operation over a 15 year life (a requirement for some utility meters) the battery may need to have nearly 100% additional capacity.  LTC batteries are available in various form-factors including the AA size. Typical data for such batteries includes the following characteristics.
Table 1 Examples of LTC Batteries with Capacity >5Wh
	
	ER14505[5]
	ER14505M[6]
	LS17500[7]
	LS 33600[8]

	Nominal Capacity (Ah)
	2.7
	2
	3.6
	17

	Nominal Voltage (V)
	3.6
	3.6
	3.6
	3.6

	Maximum recommended continuous current (mA)
	40
	400
	130
	250

	Pulse capability
	<= 150mA / 0.1 sec pulses
	<= 1000mA / 0.1 sec pulses
	<= 250mA / 0.1 sec pulse
	<= 400mA / 0.1 sec pulse

	Size
	AA
	AA
	A
	D 

	Operating range
	-55o/+85o
	-60o/+85o
	-60o/+85o
	-60o/+85o

	Battery Capability (Wh)
	9.72
	7.2
	12.96
	61.2


A system operating at maximum coverage extension will need to transmit at maximum power for typical periods of 2–4 seconds: thus a high current type cell will be required rather than attempting to use the "pulse capability" of a high capacity cell.
A typical continuous discharge characteristic of a lithium-thionyl-chloride type battery operating at +25o is shown in Figure 1. This shows the characteristics for the ER14505M type which has a current capability of 400 mA, suitable for the power levels of interest for NB-IOT.

This curve shows that the effective battery capacity is adversely affected by increasing current drain: 100mA to 400mA increase in the current drain leads to battery capacity drop by 33% @3V end-of-life supply voltage. 
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Figure 1 Typical Discharge Characteristics of a battery [6]
Observation 1: Peak current demand drives the choice of battery as much as energy capacity hence impacts end product cost.  In fact, the preferred battery may have a lower energy capacity but be better able to support the peak current.
Table 2 shows a calculation of transmit supply current to obtain 23 dBm output power based on figures in [9]

 REF _Ref434351674 \r \h 
[10], for different PA efficiencies typical for two modulation schemes, allowing for finite loss in the TW switch and output filtering. It is clear that there can be a significant variation in peak current. Whilst for example the ER14505M type cell from above could handle the peak current in each case there will be significantly more engineering margin for end-of-life and cold conditions if the peak current can be reduced, for example through a simpler waveform that maximises PA efficiency.
Table 2 Transmit current consumption
	Tx power (mW)
	TR sw/filter loss (dB)
	PA output power (mW)
	Modulation
	PA Efficiency % (1)
	Driver power (mW) (2)
	Total dc power (mW)
	Supply current (mA) @ 3V

	200
	2
	316.98
	GMSK
	60%
	60 
	588.3
	196.1

	200
	2
	316.98
	SC-FDMA
	45%
	90 
	794.4
	264.8


Notes:

1. For GMSK a class-C amplifier in saturation can be used to obtain very high efficiency.  A non-constant envelope modulation may require amplifier backoff to obtain low spectrum side lobes and preserve the waveform EVM, thus reducing efficiency.

2. Drive power includes digital processing and baseband and analogue signal generation prior to the PA input. The PA efficiency is therefore RF output / DC input rather than PAE. Values quoted are based on inputs from [1] or [9] [10].
Observation 2: Minimising peak current will give more operating margin to allow for non-ideal battery performance.
Observation 3:  Given that peak current is an important factor in maximising battery life, a modulation scheme that minimises peak current as well as maximises energy efficiency is preferred.

Observation 4: A modulation scheme with minimum peak current and maximum energy efficiency could provide ultra-long battery life even in situations where battery performance is expected to be degraded, such as applications requiring operation in very low temperatures.

Observation5: Modulation scheme such as GMSK, with a lower peak current, could support a wider range of battery technologies, allowing application-specific cost and potentially device form-factor optimization.

Observation6: Given that coverage will be very demanding for some applications, and antenna performance could be poor for some implementations, it is important to maintain the Tx power target of 23dBm.

3 Conclusions

In this contribution, we presented our views on battery impacts for two uplink schemes. Based on the discussion and observations presented, we summarise our views through the following observations and proposals:
Observation 1: Peak current demand drives the choice of battery as much as energy capacity hence impacts end product cost.  In fact, the preferred battery may have a lower energy capacity but be better able to support the peak current.
Observation 2: Minimising peak current will give more operating margin to allow for non-ideal battery performance.

Observation 3:  Given that peak current is an important factor in maximising battery life, a modulation scheme that minimises peak current as well as maximises energy efficiency is preferred.

Observation 4: A modulation scheme with minimum peak current and maximum energy efficiency could provide ultra-long battery life even in situations where battery performance is expected to be degraded, such as applications requiring operation in very low temperatures.

Observation5: Modulation scheme such as GMSK, with a lower peak current, could support a wider range of battery technologies, allowing application-specific cost and potentially device form-factor optimization.

Observation6: Given that coverage will be very demanding for some applications, and antenna performance could be poor for some implementations, it is important to maintain the Tx power target of 23dBm.

Proposals 1: The GMSK modulation schemes should be adopted to enable the use of the most efficient PA circuitry and thus maximise battery performance and longevity.
Proposals 2: Transmit power 23dBm should be maintained to keep the 164dB MCL target and help to cope with poor antenna performance, however, final value shall be determined by RAN4.
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