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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).
During RAN4#80, a way forward [3] on MCL relaxation for new power class for enhanced NB-IoT was approved, which says:
A reduction in maximum coupling loss shall be applied for UEs that adopt the lower transmit power class. 

· Companies are invited to evaluate the appropriate maximum output power for the new power class with MCL relaxation as compared to 164dB MCL.
· For example: 164 - (23 - P) dB, whereas the reduction in MCL is (23-P), whereas P is the maximum transmission power of the new UE power class
· The group will evaluate for example P = 14dBm as a starting point
This document provides the sourcing companies’ view on the value of P and the corresponding MCL reduction for the type of applications that would benefit from this new power class. 

2 Discussions
In [4], the sourcing companies discussed the relationship between maximum transmitted power and peak current, as well as the implication of battery technologies to NB-IoT devices. 

Many consumer wearables applications like smart trainers, pet collars and trackers are required by design to use small form factor batteries, examples being button and coin cell. As a general rule of thumb, for a given battery technology, a smaller battery has lower available battery energy capacity.

Various primary battery technologies available in the market for utility metering and wearables (as examples) were discussed in [4] and [5]. These include Lithium Ion Polymer (LiPo) secondary batteries, alkaline manganese, Lithium Manganese Dioxide (Li-MnO2) and Lithium-thionyl-chloride (LTC) batteries with various form factors. 
It was observed that apart from the form factor, battery capacity is also a function of non-ideal battery properties (e.g. self-discharge rate, temperature, discharge rate and voltage). Hence the actual capacity available from a battery can be significantly less than the theoretical capacity under various storage and discharge conditions. In other words, the effective battery capacity is adversely affected by increasing current drain and reducing 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 of battery families.
One way to improve this could be to reduce transmit power level or to reduce peak current during both continuous and pulse load, which will give more operating margin to allow for non-ideal performance of the battery. This is especially beneficial for consumer wearables, small gadgets and trackers, for which small form-factor batteries are used.
As an example, based on the assumptions in [4], reducing transmit output power from 23dBm to 14dBm reduces the peak current consumption from over 200mA to less than 50mA. With reference to the battery technologies discussed, it can be seen that this would allow a wider variety of battery types to be supported by NB-IoT. 

Another benefit of reducing peak current is to help with reducing battery voltage drop under pulsed current drain. Device may risk operation failure at higher pulse discharge if the amount of voltage drop exceeds battery cut-off voltage.

We also note that devices using other communication technologies that operate in licensed-exempt bands often use transmit powers that are much lower than 23 dBm, for example 13 or 14 dBm. This is partly due to regulatory constraints for operating in these bands, but it also provides the benefit that they can use a wider variety of battery technologies due to the lower peak current from the battery.

Based on the above discussion and observations, plus the more detailed analysis in [4], we propose that an additional transmit power class of 14 dBm is introduced into Rel-14 NB-IoT to enable increased flexibility of battery choice and so to enable more NB-IoT applications.

All of the benefits mentioned above may not be fulfilled without MCL relaxation for the lower transmit 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 11 dB coverage extension compared with GPRS seems reasonable, corresponding to a relaxation in MCL from 164 dB to 155 dB for devices that adopt the lower transmit power class.  

Proposal 1: A single extra power class with maximum transmit power of 14dBm is 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 is unchanged for the lower transmit power class, and a corresponding reduction in maximum coupling loss is applied for UEs that adopt the lower transmit power class. Hence, for the 14dBm power class, the MCL for devices with this power class is 155 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:
Proposal 1: A single extra power class with maximum transmit power of 14dBm is 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 is unchanged for the lower transmit power class, and a corresponding reduction in maximum coupling loss is applied for UEs that adopt the lower transmit power class. Hence, for the 14dBm power class, the MCL for devices with this power class is 155 dB.
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