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1 Introduction

The need for a lower power class (e.g. 14 dBm) for some NB-IOT devices (e.g. wearables, trackers etc) is discussed in [1]: “Discussion on Lower Maximum Transmit Power Class for Enhanced NB-IoT UE”. A lower max transmit power will enable the use of smaller batteries like coin cells and hence helps in reducing the form factor of the UE which is critical for such applications. 
Use cases for a reduced max power limit are very clear. The importance of lowering the peak current for extending the battery capacity and preventing the voltage from dropping below the battery End-Point voltage is also very clear. 
Observation 1: Engineering optimizations such as using a large shunt capacitor across the battery in conjunction with lowering of maximum transmit power could help improve the battery capacity and the margins for non-ideal battery performance [4, 5]. However, the cost and the size of the large capacitor need to be taken into consideration. 
Further, a provision for an early indication of the power class of the UE to eNB was requested in [3]. The contribution shows that the impact on the network due to lowering of maximum transmit power can be minimized by not allowing UE with MCL greater than MCL=164-(23-P) dB access the network and by other optimizations. But the statistics of the outage and increase in repetitions as a function of “P” have not been studied. Also, there are concerns on the battery life (e.g. [2]) resulting from decreasing the maximum transmit power and, correspondingly, increasing the total transmit time due to repetitions. 
This document requests RAN1 to study the statistics of increase in repetition rate, the outage of the UEs, PRACH performance and the impact to the physical and Mac layer procedures as a function of maximum transmit power between 14 and 18 dBm. 
2 Discussion

2.1 Maximum transmit power and its effect on coin cell battery voltage

Some contributions (e.g. [1]) mention that lowering the max transmit power will reduce the peak load current which in turn leaves more operating margin for non-ideal battery performance. Figure 1 below, from [1], shows the drop in operating voltage when the pulse load currents are 50 mA and 100 mA. It shows a voltage drop to 2 V (End-Point voltage of many coin batteries) with a pulse load current of 100 mA and a voltage drop to 2.5 V with a pulse load current of 50 mA.
Contribution [1] also published the current consumption across transmit power: Table 1 below. Per the table, 113 mA and 43mA of current are consumed at 20 dBm and 14 dBm of transmit power respectively. 
Observation 2: From Table 1 and Figure 1, a window of approximately 6 dB w.r.t. to 14 dBm transmit power exists before hitting the End-Point voltage of coin cell batteries. 
White paper [4] and an application note [5] discuss the advantage of using a large calculated capacitor across the battery in increasing its capacity and managing a higher internal resistance. By careful consideration of maximum transmit power (vs) voltage drop across various coin batteries, with or without a shunt capacitor, an optimal power level between 14 and 18 dBm could possibly be chosen. 
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	Figure 1 Pulse discharge characteristics of a typical coin cell battery[1]
	


Table 1 Transmit current consumption [1]
	Pout

(dBm)
	Tx power (mW)
	PA output power (mW)
	PA Efficiency %
	Driver power (mW)
	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


2.2 Maximum transmit power and its effect on outage and increase in repetitions
Figures [2, 3] from contribution [3] discuss the effect of maximum transmit power on the network. The figures clearly show the increase in the number of repetitions without the cut-off MCL. However, with the cut-off the increase in resources is contained. 

Observation 3: The statistics of outage and increase in repetition for the devices that are cut-off at different power levels could be an important metric in choosing the optimal maximum transmit power. It could also be useful to study the increase in current consumed by the devices that are cut-off due to subsequent retries to access the network. 
Additionally, the introduction of UEs with a much lower transmit power may impact some physical, protocol and MAC layer procedures. For example, current NPRACH resource selection is based on NRSRP, but doesn’t take into account the maximum transmit power of the UE, which may lead to an unnecessary large number of NPRACH transmissions. It may be necessary to change or optimize this procedure, which lies outside RAN4 expertise. RAN1/2 should study the feasibility of keeping or changing the physical layer/MAC procedures due to the presence of UEs with lower transmit power.
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Figure 2 UL resource utilization in terms of repetitions [3]
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Figure 3 Average total transmission length [3]


3 Conclusions
In this contribution, sourcing company requests that engineering optimizations such as using a large shunt capacitor across the battery terminals be considered along with lowering of maximum transmit power to increase the battery capacity and reduce the voltage drop of coin cells under pulse load conditions. Also RAN4 requests RAN1 to study the impact of lower max transmit power on the statistics of outage and the repetition rate. 
Proposal 1: RAN1 to study the statistics of outage and repetitions w.r.t. max transmit power between 14 and 18 dBm. 
Proposal 2: RAN4 to study the current savings with a lower transmit power suggested by RAN1 in Proposal 1.

Proposal 3: RAN1 should study the impact of a lower maximum transmit power (between 14 to 18dBm) on the physical layer (e.g. with respect to random access and PUSCH) to determine feasibility.

Proposal 4: RAN1 should study if separate PRACH resource required for UEs supporting lower maximum transmit power.

Proposal 5: Based on input from RAN1, RAN2 should study the impact of lower maximum transmit power on protocol layers (e.g. cell selection/reselection, random access, connected mode).

Proposal 6: RAN4 to send LS to RAN1 for Proposals 1 and 4 and LS to RAN2 for Proposal 5.
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