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1 Introduction
Complexity reduction and coverage enhancement are the main objectives of Rel.13 WID “Further LTE Physical Layer Enhancements for MTC” [1]. It is also stated that reduced maximum transmit power shall be considered in order to support an integrated PA implementation. An integrated PA implementation is essential to achieve low complexity, low cost and also small size.  
This contribution elaborates on some aspects on maximum transmit power.
2 Discussion
Maximum Output Power
The peak output power of a power amplifier including a reactive load can be calculated as 
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where
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	Maximum output power from PA
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	Battery voltage
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	Knee voltage in the PA output
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	Output impedance


The above defines the maximum (CW) power from the PA delivered to the load impedance Z. In contrast to legacy LTE PA, where the load impedance usually is made lower than 50Ω and then transformed to 50Ω, a 50Ω output is preferred for rel. 13 low complexity MTC, for complexity and size reasons. On chip transformation requires higher Q values than could be assumed for the silicon processes suitable for low cost MTC devices. One of the largest challenges for integrated high power (CMOS) PA, beside the Q-values of the on chip inductors, is the break-down voltage. There are advanced PA designs in order to overcome the constraint of break-down voltage (e.g. stacked transistor architectures). For complexity reasons, those advanced designs are not considered in this contribution. Note, however, that the above single transistor assumption require break down voltage larger than twice the supply voltage since a reactive tank circuit on the source of the output stage is assumed.
Observation 1 A 50Ω output impedance is preferred from an on chip rel. 13 MTC power amplifier

Observation 2 Break-down voltage and inductor Q-value of the silicon process are the main constraints  for on-chip PA

For MTC devices low cost lithium ion batteries are assumed. Other current sources could as well be used, however, a 3.1V battery voltage cut off is assumed in the further assumptions. In series with the battery a switch with 0.1V drop is assumed and thus maximum drain voltage is 3.0V. Knee voltage ([image: image8.png]Vi)



is a matter of the silicon process used. We will here use 0.2V
Thus assuming
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	=
	3.0V
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	=
	0.2V

	[image: image11.png]



	=
	50Ω


resulting in
[image: image13.png]


 =20.4dBm  (single ended output)
The above output power has to be backed down by at least 1 dB due to linearity of the power amplifier. However, differential outputs (used in some WLAN circuits) will double the output voltage swing and thus increase Pout,peak by 6dB. To convert the differential output to single ended signal a balun, with additional insertion loss in the order of 0.3 dB is needed. TX filter for TX noise and harmonics together with antenna switch and PCB loss will account for additional typical 3.1 dB in FD-FDD scenario or 1.6 dB in a HD-FDD case.
Thus maximum output at the antenna connector is
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 =22.0dBm 
Note that no implementation margin is included in the calculation. 
Observation 3 Maximum peak output power from a rel. 13 MTC device with on chip PA is less than 22 dBm
Peak to Average Power Ratio (PAPR)
There is an ongoing discussion in RAN1 how to minimize the PAPR for rel.13 low complexity MTC. Modulation with lower PAPR than QPSK, such as π/2-BPSK or GMSK, is proposed for further study [2], [3]. However, in the further analysis of this contribution the more conservative QPSK with a PAPR=~5dB will be assumed.
Observation 4 Peak to Average Power Ratio (PAPR) for a QPSK LTE signal is in the range of 5dB
Thus Maximum average power is
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=>

[image: image17.png]P,

outavg = 17.0 dBm




Observation 5 Maximum transmission power level for a rel.13 FD-FDD MTC device with on chip PA is less than 17 dBm assuming a QPSK modulation
For higher order modulation the PAPR is also higher. E.G. 16QAM has a PAPR in the order of 6 dB. 16QAM will most likely also be defined for rel.13 MTC and therefore has to be handled with MPR. Table 6.2.3-1: “Maximum Power Reduction (MPR) for Power Class 1 and 3” [4] therefore has to be updated to cover the new rel. 13 MTC power class.
Battery Technology Aspects on Maximum UE Transmit Power
A CE-LTE device (e.g. a health monitor or smart watch) will most likely be powered by a rechargeable battery. Technology for batteries is evolving towards higher energy density, however, at a cost of lower cut- off voltage, in the range of 2.7V. Film type batteries developed especially for wearable equipment has a higher internal impedance and benefit from low output power and high efficiency PA. In the above calculation we have not taken into account new battery technologies, neither when it comes to lower cut off voltages, nor higher internal impedance.
Lithium-Ion (Li-Ion) batteries are designed to operate below a maximum discharge current as the discharge current affects the battery capacity and the capacity fade (i.e. life time) of the battery. Standard Li-Ion batteries are designed for a maximum discharge rate in the order of C=1 i.e. the battery is discharge in 1hour [5].
Observation 6 An efficient design for battery-powered mobile equipment will operate at a maximum discharge rate of C = 1
Assuming the CE-LTE device has a 3.6V 300mAh Li-Ion battery [6] the available power from the battery for a C=1 discharge rate will be
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The power management efficiency is in the order of 10% and other parts except for the PA consume ~100mW thus 880mW is left for the PA. Further assuming a PA efficiency of 30%, though advanced PA techniques such as ET could be introduced, but here a more conservative figure is used. Available power from the PA could then be 24dBm. According to above ~3 dB loss in TX filter, switch and PCB will give available power in antenna connector ~21 dBm. Thanks to filtering on the supply rail (i.e. large capacitance) this is the RMS power rather than peak.
Observation 7 Battery constraint on FD-FDD CE-LTE MTC Maximum Transmission Power Level is less than 21 dBm RMS for a practical design 

3 Conclusion
In this contribution, we have elaborated on the rel. 13 MTC Maximum Transmission Level for CE-LTE devices. The aspect of on chip PA and the aspect of small battery size have been studied.
Observation 8 A 50Ω output impedance is preferred from an on chip rel. 13 MTC power amplifier

Observation 9 Break-down voltage and inductor Q-value of the silicon process are the main constraints  for on-chip PA

Observation 10 Maximum peak output power from a rel. 13 MTC device with on chip PA is less than 22 dBm
Observation 11 Peak to Average Power Ratio (PAPR) for a QPSK LTE signal is in the range of 5dB

Observation 12 Maximum transmission power level for a rel.13 FD-FDD MTC device with on chip PA is less than 17 dBm assuming a QPSK modulation
Observation 13 An efficient design for battery-powered mobile equipment will operate at a maximum discharge rate of C = 1
Observation 14 Battery constraint on FD-FDD CE-LTE MTC Maximum Transmission Power Level is less than 21 dBm RMS for a practical design
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