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[bookmark: _Ref298777854]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. 
 “Maximum power level of new power class” has been discussed for several meetings in RAN4 without reaching consensus [2]
Discussion
The new power class have been discussed in several contributions [3], [4], [5], [6], [10], [11] and [12]. Implementation aspects for a low cost and low complexity fully integrated solution have been covered suggesting a maximum power level of new power class in the order of 20dBm.  
Another contribution [7], presenting a fully integrated HSPA modem suitable for M2M applications, shows that 23dBm is possible.
The coverage aspect is affected by the maximum transmission power. It is mainly a RAN1 task but it has been concluded in [8] that there is no substantial capacity loss with the introduction of 20dBm UE power class.
The current consumption aspect has also been brought forward in the discussion. Arguments have been raised that the average modem power consumption will be less with a specified maximum transmission power of 23dBm compared to ditto 20dBm. In the next section we discuss this relation further and find that 20dBm seems better.
Current consumption
In this section we present a method how to estimate the average current consumption for an MTC device in a rural and suburban cell respectively.
In this study two different PAs are considered. One PA is optimized for 27dBm output power assuming 4dB front-end loss and thus 23dBm output power in the antenna connector. The other PA is optimized for 24dBm output power, again assuming 4dB of front-end loss and therefore 20dBm maximum transmission power. The two PAs are measured and the PA output power to current consumption is shown in Figure 1.
[bookmark: _Ref416329033]Figure 1:  Idd as a function of Pout, measure for two JPHEMT PAs optimized for 24dBm and 27dBm respectively[image: ]


To estimate the average current consumption we are looking into the EIRP distribution (CDF) as described in [9]  also copied in Figure 2 . 
[bookmark: _Ref427159593]Figure 2:  Cumulative Distribution Function (CDF) of Total EIRP per Scheduled User Equipment (from [9])[image: ][image: ]

Assuming an antenna loss of 7dB (band 3) and additional front end loss of 4dB the average current consumption can be estimated. It is assumed a number of re-transmissions corresponding to the lack of available power. E.G. the 24dBm PA can only deliver 24dBm – 7dB – 4dB = 13dBm EIRP. Thus for the EIRP=20dBm case in the above CDF an estimation of 5 transmissions (i.e. 4 re-transmissions) is used (=7dB). Corresponding number of transmission for the 27dBm PA is 2.5 (=4dB). With the above estimated parameters as an example the corresponding average PA current is shown in below Table  1
[bookmark: _Ref427157410][bookmark: _Ref427157312]Table  1 : Average PA current
	Average PA current
	Suburban
	Rural

	PA optimized for 24dBm
	50 mA
	163 mA

	PA optimized for 27dBm
	72 mA
	187 mA



Adding 20mA for the rest of the modem components gives the average modem current consumption shown in Table  2.
[bookmark: _Ref427157437]Table  2 : Average modem current
	Average modem current
	Suburban
	Rural

	PA optimized for 24dBm
	71 mA
	195 mA

	PA optimized for 27dBm
	92 mA
	211 mA



It can be seen in this example that the average modem current consumption is still lower for the 20dBm optimized modem (24dBm PA) compared to the 23dBm optimized modem (27dBm PA). In fact the additional current for the modem has to be as much as 59mA in this example for the 23dBm modem to be more energy efficient than the 20dBm modem, in the rural case. In the suburban case the breakeven point is even higher. 
We have no data (CDF) for an urban cell but it is likely that the need for re-transmissions, even for the 20dBm modem, is rare. With no repetitions the 20dBm optimized modem will always be more energy efficient (of course given that we have a well designed PA).
Conclusion
In this contribution we have highlighted some arguments in the discussion on maximum power level of new power class. 
We have also shown a method how to estimate the average modem current consumption. With this method we have made an example showing that a modem optimized for 20dBm maximum transmission power is more energy efficient than a modem optimized for 23dBm maximum transmission power.
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