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Summary

This contribution discusses whether additional power class is needed for NB-IoT enhancement or not.
1
Introduction
A WI on “enhancements of NB-IoT” was approved in RAN#72 [1]. The objective of this WID is copied below.
Specify the following features for enhancement of NB-IoT to achieve even lower device power consumption, while maintaining the coverage and capacity of the NB-IoT network, and ultra-low UE cost. The objectives apply to the in-band, guard-band, and standalone operation modes and the same coverage enhancement targets as defined in the Rel-13 NB-IoT work item.
One of the features is “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 contribution discusses whether additional power class is needed for NB-IoT enhancement or not.
2
Discussion
In Rel-13, two power classes were specified for NB-IoT (Category NB1), Class 3 and Class 5, which are 23dBm and 20dBm, respectively [2]. The main goal of NB-IoT enhancement (Rel-14) is to support new features with lower power consumption and to maintain coverage, capacity, and low UE cost.
Lower maximum output power may not lead to overall lower power consumption, in order to maintain the same coverage and capacity. The following example compares a device with 20dBm and another device with 14dBm. To achieve the same coverage, the device of 14dBm (6dB lower TX power) has to have 4 repetitions, which means the transmission time for the 14dBm device is 4 times longer. The modem has constant current consumption, and the PA current consumption scales with power. The calculation is shown below.
Modem (analog and digital TX) during TX: 50mA

20dBm PA: 200mA

14dBm PA (same efficiency): 50mA

20dBm TX time: 10ms

14dBm TX time: 40ms

20dBm device current consumption: (50mA+200mA)*10ms = 2500mA*ms = 2.5mAs

14dBm device current consumption: (50mA+ 50mA)*40ms = 4000mA*ms = 4mAs

From the above calculation, it can be seen that the overall current consumption of the 14dBm device is 60% higher than that of the 20dBm device.
Let’s look at another scenario which repetition is not required. Since the 14dBm device has lower power compared to the device of 20dBm, the 14dBm device can only support lower data rate compared to the 20dBm device. Since it has lower data rate, the 14dBm device has to transmit longer time in order to maintain the same capacity as the 20dBm device. For example, by transmitting a factor of 4 lower number of subcarriers (or by using 6dB more robust modulation scheme), in order to transmit the same amount of data, the comparison of the current assumption calculation above is still valid, which means the current consumption of the 14dBm device is 60% higher than the 20dBm device.
If there is not much data to transmit and also the 20dBm PA would need to be used at a lower power, the efficiency of the 20dBm PA at 14dBm may be a bit worse than a 14dBm PA. However, if there is anyway not much data to be transmitted, the current consumption during that short time is also almost irrelevant and the standby and leakage current is more important.

One advantage with the lower power class (14dBm) might be that the peak current consumption is lower, which may result in the possibility to use a smaller battery cell since a smaller battery only be able to deliver a smaller peak current. This may be a small advantage for devices with extremely small size and therefore small batteries (perhaps less than 200mAh lithium cells), but those may also have other difficulties (antenna size for example).
3
Conclusion
Based on the discussions, we would expect that a new power class is not needed, unless a strong use case is envisioned which has to have lower maximum output power with substantial advantage.
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