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1 Introduction

A new Rel-14 work item “Enhancements to NB-IOT” [1] was motivated by the Rel-13 NB-IoT WI [2] and was approved in RAN#72. One of the key objectives is to further enhance NB-IoT to “achieve even lower device power consumption”, and “ultra-low UE cost”. To achieve this objective, new power class(es) has been specified as one of the enhancements feature, more specifically:
New Power Class(es)
· Evaluate and, if appropriate, specify new UE power class(es) (e.g. 14dBm), and any necessary signaling support, to support lower maximum transmit power suitable for small form-factor batteries, with appropriate MCL relaxations compared to Rel-13 (RAN4, RAN2).
This document discusses the relationship between maximum transmitted power and peak current, as well as the implication of battery technologies to NB-IoT devices (e.g. wearables and trackers). 
2 Discussion

A system designed to support cellular IoT communications needs excellent coverage, very long battery life and low cost. These devices may be 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); wearables, trackers (e.g. for child and animal tracking) and smart agriculture.

In [5], various battery technologies available in the market for utility metering (as an example) were discussed. These include Lithium Ion Polymer (LiPo) secondary batteries, Alkaline Manganese batteries and Lithium-thionyl-chloride (LTC) batteries. The latter are specified for applications such as utility meters which require long operating life and low operating temperature, but are significantly more expensive than other primary battery technologies as the production volumes are smaller. Due to its potent battery chemistries, special handling precautions are needed to deal with environmental and safety concerns.

In applications such as consumer wearables and trackers (as an example), apart from battery life, device size and battery cost are also important considerations. Whilst quite exotic battery types could be considered in critical applications, the system should ideally use standard battery types in high volume production. Many consumer wearable applications such as smart trainers, pet collars and trackers are required by design to use small form factor batteries (e.g. <AA size), for example button or coin cell. 
In many cases, these devices will operate in an environment where propagation and ambient temperature are better than e.g. water meter. On ambient temperature, the latest Apple watches are recommended to operate at 0°C to 35°C, Pebble watches at -10°C to 50°C. However, in some places, ambient temperature can drop down to -20°C, which can be the case in winter in some regions on a nightly basis. 
Typical data for small form-factor (e.g. <AA size) Lithium Thionyl Chloride (Li-SOCI2) and Lithium Manganese Dioxide (Li-MnO2) batteries includes the following characteristics.
Table 1 Examples of Small Form-factor Batteries: coin cell and LTC
	Battery Tech.
	Li-MnO2
	Li-SOCI2

	Example Cell
	CR2032[7]
	CR2450[8]
	CR2477[9]
	LS14250M[10]
	ER14335[11]
	ER17335[12]

	Size
	Coin cell
	Coin cell
	Coin cell
	1/2AA
	2/3AA
	2/3A

	Nominal Voltage (V)
	3.0
	3.0
	3.0
	3.6
	3.6
	3.6

	Nominal Capacity (Ah)
	0.225
	0.620
	1.0
	0.75
	1.65
	2.1

	Max recommended continuous current (mA)
	3mA
	3mA
	6mA
	120mA
	75mA
	25mA

	Pulse capability (1)
	15mA
	15mA
	25mA
	250mA
	150mA
	120mA

	Operating range
	-20°/70°
	-40°/85°
	-20°/70°
	-55°/85°
	-55°/85°
	-55°/85°

	Battery Capability (Wh)
	0.675
	1.86
	3.0
	2.7
	5.94
	7.56


Note 1: This limit is usually defined by the battery manufacturer in order to prevent excessive discharge rates that would damage the battery or exhaust its capacity. For example, maximum pulse current capability for ER17335 is quoted as 120mA, 50mA with 1 second pulse @3V [12]. Little data is available however, for the above coin cells on recommended pulse duration. 
A system operating at maximum coverage extension (i.e. 164 dB MCL) will need to transmit at maximum power (i.e. 23 dBm) for typical periods of 1 to 3 seconds (depending on payload size), hence a high continuous current type cell will be required for such a system.

Coin cell batteries are low in cost and widely used in consumer grade devices, safe for public use. They belong to the Li-MnO2 family, similar to Li-SOCI2 but have a lower specific capacity as their energy density is 280Wh/kg, almost half the size of Li-SOCI2 batteries (500Wh/kg) [6]. 
It is observed in [5] that battery capacity reduces with higher discharge rate: a 100mA to 400mA increase in the current drain leads to battery capacity drop by 33% @ 3V end-of-life supply voltage. It should be noted that battery capacity and current capability can be also affected by low temperatures as indicated by the performance curves shown in Figure 1 and Figure 2. This is due to reduction in chemical activity and increase in the internal resistance of the battery at low temperature. The amount of reduction in capacity varies from manufacturer to manufacturer, and is dependent upon the details of the construction of the battery, but the property is generally true for the majority battery families.
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	Figure 1 Typical capacity versus current and temperature of a coin cell battery [9]
	Figure 2 Typical capacity versus current and temperature of a Li-SOCI2 battery [10]


Observation 1: Effective battery capacity is adversely affected by increasing current drain and reducing temperature.
For NB-IoT devices, the peak transmit current is much larger than the peak receiver current, so transmitter operation is the major consideration with respect to impact on supported battery types. Table 2 shows the required transmit supply current to obtain various output power based on figures in [3]. It can be seen that reducing the transmit output power from 23 dBm to 13 dBm reduces the peak current consumption from over 200 mA @ 3V to less than 40 mA @ 3V. With reference to Table 1 it can be seen that this would allow a wider variety of battery types to be supported by NB-IoT, even assuming that the transmissions are long so that the continuous current capability of the batteries must be considered.

Table 2 Transmit current consumption
	Pout

(dBm)
	Tx power (mW)
	PA output power (mW) (2)
	PA Efficiency %
	Driver power (mW) (1)
	Total dc power (mW)
	Supply current (mA) @ 3V

	23
	200
	251.2
	45%
	60
	618.2
	206.1

	20
	100
	125.9
	45%
	60
	339.8
	113.3

	17
	50
	63.1
	45%
	60
	200.2
	66.7

	14
	25
	31.6
	45%
	60
	130.3
	43.4

	13
	20
	25.11
	45%
	60
	115.9
	38.6


  

Notes:

1. Drive power includes digital processing and baseband and analogue signal generation prior to the PA input. Values quoted are based on inputs from [3]
2. PA output power includes 1dB loss from switch & harmonic filter
Furthermore, even for battery types that can support higher current, there will be significantly more engineering margin for end-of-life and cold conditions if the peak current can be reduced. 

Figure 3 illustrates the voltage characteristics during 100ms pulse loads and 1 second pulse cycles at ambient temperature of 23°. It shows that at pulse current 50mA, the available voltage is reduced by ~25% for a fully charged battery, while at higher pulse current drain 100mA, the available voltage can be reduced by nearly 33% at normal ambient temperature. The device may then risk operation failure if the amount of voltage drop exceeds battery cut-off voltage.
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	Figure 3 Pulse discharge characteristics of a typical coin cell battery[13]


Observation 2: Reducing peak current will give more operating margin to allow for non-ideal battery performance and can help with reducing battery voltage drop under pulsed current drain.

Consumer wearables, small gadgets and trackers often operate in environments where propagation and ambient temperature are better than is typical of other applications such as utility meters. Such devices require small and light batteries that do not need to be replaced during the lifetime of the device. Small form-factor batteries are desirable for such applications. Pulse load duration of such batteries may be an issue which must be mitigated in the design of the IoT product, but a reduction in peak current during transmissions is likely to be a prerequisite to support the potential use of such batteries.

Observation 3: Reduction in the peak current consumption can enable NB-IoT to be used in a wider range of products, including consumer wearables, small gadgets and trackers, for which small form-factor batteries are needed. 

Based on the above discussion and observations, we propose that an additional transmit power class of 13 dBm or 14 dBm is introduced into NB-IoT to enable increased flexibility of battery choice and so to enable more NB-IoT applications.
Proposal 1: A single extra power class with maximum transmit power of either 14dBm or 13dBm shall be adopted for NB-IoT in order to take into account the limited peak current capability of small form-factor battery types that are needed for some IoT applications.

Furthermore, we propose that there is no change to the maximum number of uplink repetitions that are supported for the lower transmit power class, and so the maximum duration of uplink transmissions is unchanged. This minimises physical layer specification changes (since the existing NPUSCH and NPRACH repetition design and TBS tables can be reused without changes) and it also prevents lower transmit power class devices from taking excessive uplink resources. 

A consequence of maintaining the same maximum number of repetitions for NPUSCH and NPRACH is that a relaxation in the MCL is required for the lower transmit power class, corresponding to the reduction in transmit power compared with the existing 23 dBm power class. This seems a reasonable trade-off because IoT applications such as trackers and wearables that benefit from the lower transmit power class are very unlikely to be permanently in worst case coverage conditions. Therefore 10 dB coverage extension compared with GPRS seems reasonable, corresponding to a relaxation in MCL from 164 dB to 154 dB for devices that adopt the lower transmit power class.  
Proposal 2: The maximum number of repetitions for NPUSCH and NPRACH shall be unchanged for the lower transmit power class, and a corresponding reduction in maximum coupling loss shall be allowed for UEs that adopt the lower transmit power class. For example, if a 13dBm power class is adopted then the MCL for devices with this power class would be 154 dB.

3 Conclusions

In this contribution, we presented our views on battery impacts due to peak current consumption. Based on the discussion and observations presented, we summarise our views through the following observations and proposals:
Observation 1: Effective battery capacity is adversely affected by increasing current drain and reducing temperature.

Observation 2: Reducing peak current will give more operating margin to allow for non-ideal battery performance and can help with reducing battery voltage drop under pulsed current drain.

Observation 3: Reduction in the peak current consumption can enable NB-IoT to be used in a wider range of products, including consumer wearables, small gadgets and trackers, for which small form-factor batteries are needed. 

Proposal 1: A single extra power class with maximum transmit power of either 14dBm or 13dBm shall be adopted for NB-IoT in order to take into account the limited peak current capability of small form-factor battery types that are needed for some IoT applications.
Proposal 2: The maximum number of repetitions for NPUSCH and NPRACH shall be unchanged for the lower transmit power class, and a corresponding reduction in maximum coupling loss shall be applied for UEs that adopt the lower transmit power class. For example, if a 13dBm power class is adopted then the MCL for devices with this power class would be 154 dB.
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