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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
This contribution describes a simulation result of a possible integrated CMOS PA. The PA consists of two differential amplifiers where the signals are combined with an on chip balun. The balun has a transformation ratio of 1:1 for each amplifier. The output coils are connected in series resulting in an output impedance of 50Ω. Simulations are performed for band 7 TX but frequency range could be retuned for e.g. band 3 or band 4. The design is done in a commercially available 65nm process with RF option, a typical process for low cost applications. Die size for the PA is 1 mm2 where the output transformer accounts for half of this. In case of sub 1 GHz frequencies (e.g. bands 8, 13 or 20) the output transformer needs to be larger. A theoretical calculation gives a maximum peak output power of 33 dBm for a Vbatt of 3.3V and a Vk = 0.3V [2]. Due to limited Q-value of the on chip inductors and losses from substrate and bond wires gives a simulated peak output power of 31dBm at the 1dB compression point for a VSWR of 1. For VSWR > 1 the output power varies over the band due to the tuned output of the amplifier. A well designed antenna for a consumer electronic (CE)-MTC device in a typical use case can have a VSWR of 2. Figure 1 shows the power amplifier efficiency (PAE) and output power at the 1 dB compression point (OCP1dB) versus phase for various VSWR. It can be seen from Figure 1, the peak output power varies between 26.3dBm and 34.5dBm for a VSWR of 2
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Figure 1: Simulated Output power and Power Added Efficiency for VSWR 1, 1.5 and 2.0
External TX filter for TX noise and harmonics together with antenna switch and PCB loss will account for at least additional 1.6 dB in a HD-FDD case or 3.1 dB in FD-FDD scenario, thus giving a possible peak output power of minimum 24.7dB in the antenna connector for the HD-FDD case. The same reasoning could be done for the TDD case.
Peak to Average Power Ratio (PAPR) of a QPSK signal is in the order of 5dB giving a possibility of 19.7 dBm average power in the antenna connector. To specify a maximum transmission power level of 20 dBm would be to really stretch the limit since this value comes from simulation and there are a couple of factors not modelled correctly (e.g. package). Therefore we propose a bit more conservative value of 19 dBm. 
Proposal
Maximum transmission power level for a rel.13 MTC device shall be 19 dBm

For a FD-FDD case there will be other limitations in terms of TX to RX isolation which makes it difficult to integrate PA and LNA on the same die. However, we believe it is beneficial to have the same Maximum Transmission Power Level regardless of whether it is HD-FDD, FD-FDD or TDD. With the above reasoning we propose to concentrate the discussion on integrated PA on the HD-FDD and TDD case. For the FD-FDD case we assumed an external PA.
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 has been studied and based on our simulation result with possible integrated CMOS PA, we propose:
Proposal
Maximum transmission power level for a rel.13 MTC device shall be 19 dBm
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