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Abstract

The battery capacity of an MTC UE is limited. The maximum current that a battery can produce is related to the capacity of a battery. Based on consideration of battery technology, we calculate that the maximum transmit power of a battery constrained device is in the region of 18-21 dBm.  
1. Introduction
The Rel-13 LTE MTC WID [1] includes consideration of a reduced transmit power for MTC devices. The original motivation for a reduced transmit power is to support an integrated PA implementation. Consideration of the feasibility of integrated PA implementation has led to proposals for the maximum transmit power for an MTC device to be reduced, e.g. to the range of 18-20dBm [4], [5]. This Tdoc considers another aspect that motivates a reduced transmit power for LTE MTC devices: the limitations in maximum current discharge rate of current battery technologies.
Consideration of the maximum discharge rate of current battery technologies leads us to the conclusion that the maximum transmit power of LTE-MTC devices is in the range of 18-21dBm. Hence there are two reasons for supporting a reduced transmit power for LTE-MTC devices:

· To enable support for single chip implementations

· To enable creation of wearable form-factor battery operated devices

Based on this observation, RAN4 should support a UE power class for MTC devices with a transmit power in the range of 18-20dBm and the RAN1 physical layer solution should be compatible with this reduced transmit power.
2. Maximum Discharge Rate of a Li-Ion Battery
A CE-LTE device (e.g. a health monitor or smart watch) will most likely be powered by a rechargeable Lithium-Ion (Li-Ion) battery. An Li-Ion battery (indeed, any battery) should be operated below a maximum discharge current as the discharge current affects the battery discharge capacity and the capacity fade of the battery. We define these two terms as follows: 
· “Battery discharge capacity” is measured in Ampere-hours and is the product of discharge current and discharge time. The battery discharge capacity is reduced non-linearly as the discharge current increases (according to Peukert’s Law and other models [2]).
· “Capacity fade” is the decrease in the battery discharge capacity as the number of charge / recycles of the battery increases. The capacity fade occurs due to changes in the chemical structure of the battery as it is charged and discharged [3]; the capacity fade increases as the discharge current increases. 
These two effects are compounded: a battery that has been cycled a number of times with a high discharge current will have suffered a higher capacity fade (after being charged, its discharge capacity will be lower than for a similar battery that has been subject to a lower discharge current); and the discharge capacity of that charged battery will be reduced (at a high discharge current, the charged battery will only be able to deliver a fraction of its Ampere-hour rating).
It has been reported in [3] that the compounded effects of capacity fade and battery discharge capacity reduction after 50 discharge cycles are: 5% loss of initial capacity for a 1C
 discharge rate, 38% loss for a 2C discharge rate and 45% loss for a 3C discharge rate. In order to avoid damage to the battery, to extend battery life and to develop cost-effective devices, a rule of thumb is hence often used:

An efficient design for battery-powered mobile equipment will operate at a maximum discharge rate of C = 1.
3. Maximum Output Power of a Battery Constrained Device
Figure 1 illustrates the power distribution within a typical LTE device, identifying where losses occur between the battery and the transmitted RF power. Note that this figure shows functionality and a realistic implementation will integrate many of the areas of functionality shown.
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Figure 1 – Power distribution chain within a typical LTE MTC device

The current consumption, efficiencies and losses of the various components depend on both hardware implementation and software implementation. Estimates appropriate for a Release-13 MTC CE-LTE device (accounting for packaging the LTE modem in the end product) are provided in Table 1. The device envisaged is a wrist-wearable device with a screen and sensor functions. 
Table 1 – Capacities, efficiencies and losses for a Release-13 MTC CE-LTE UE

	Parameter
	Value

	Operational battery supply voltage
	3.6V

	Nominal battery capacity
	300mAh

	Battery capacity fade over product lifetime
	10%

	Battery discharge rate
	C=1

	Power management IC efficiency
	90%

	Application / sensors / display power (when active)
	50mW

	Baseband and low power RF (during “ON” state)
	50mW

	CMOS PA efficiency (integrated PA)
	30%

	Losses in filters and switches (HD-FDD)
	1dB

	Electrical power to TX conducted power loss (antennas + device packaging)
	2dB


The power available to the power amplifier’s supply rails during the product’s lifetime based on Table 1 is approximately 29dBm. Once amplifier efficiency and losses associated with transferring the electrical energy produced by the power amplifier to energy radiated outside the packaged CE-LTE product are taken into account, the maximum TX conducted output power that the device can produce is approximately 21dBm.

The estimates above are for a wearable device with minimum functionality and do not account for manufacturing tolerances or for peak to average power ratio issues. Power-hungry sensors (such as GPS and some developing medical sensors) and more display intensive devices would leave less power available in the DC power budget for the LTE TX PA. Similarly CE-LTE devices with smaller form factors than the one envisaged in Table 1 (e.g. health monitors, fashion-orientated designs) will have less DC power available to the PA due to restrictions on physical battery size (and hence battery capacity). The reduction in available transmit power due to manufacturing tolerances, additional sensor power requirements and use of smaller battery packs is estimated to be of the order of 2-3dB.
Hence the maximum RF TX conducted output power that some classes of reliable CE-LTE device (wearables, health monitors etc.) will be able to produce is likely to be in the range of 18-21dBm.
4. Conclusion
Consideration of the limitations of battery technology used in CE-LTE devices (e.g. wearables) indicates that the maximum RF TX conducted output power of a CE-LTE MTC device is in the range 18-21dBm. This maximum transmit power would allow the creation of desirable small form factor devices with reliable battery performance and longevity. A similar maximum transmit power has been proposed by considering the ability to engineer an integrated PA single chip LTE implementation. Hence it is proposed that RAN1 operate with the following working assumption:

There will be classes of MTC device that operate with a maximum RF TX conducted output power of 18-20dBm.

The final determination of the maximum RF TX conducted output power is a RAN4 decision and RAN4 will probably want to also take into account implementation margins, peak to average power ratio etc., in addition to the battery limitations discussed above, when determining a maximum RF TX conducted output power for the power class of a CE-LTE device.
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� C is the ratio of nominal capacity and discharge current. Hence a 1Ah battery discharged at 1A operates at C=1. The same battery discharged at 2A operates at C=2 etc.
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