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1.
Introduction
As the Release-13 Work Item on further LTE physical layer enhancements for MTC (eMTC) [1] makes progress with the core specification, some feedback from RAN4 has been requested by RAN1 [2], [3].  A discussion of this topic during the RAN4 #74bis meeting [4] and generated a variety of views among the stakeholders of the ecosystem.  This contribution seeks to justify the proposal that a power class defining maximum TX power to be 23 dBm for eMTC UEs is feasible and has potential benefit to the network.
2.
Discussion

2.1
Background
The RAN1 LS in [3] shares the following background information:
For coverage enhancements, bundled transmissions are considered. RAN1 is considering time domain channel estimation filtering across multiple subframes. The design of the time domain channel estimation filtering depends on the phase continuity assumptions across the subframes within a bundle, even when the mobile is stationary. 

RAN1 would like to ask RAN4 to provide guidance on:

1. Phase continuity assumptions at least for UL to allow channel estimation filtering across multiple subframes in a bundled transmission where transmission power does not change within the bundle. 

In addition, RAN1 would like to ask RAN4 to provide guidance on:

2. Potential benefit of restricting supported modulation order for MTC to QPSK for UL and/or DL

3. Maximum power level of new power class
Discussions during the RAN4 #74bis meeting [5] showed interest among some operators to understand and evaluate the trade-offs in network performance and efficiency associated with eMTC UEs supporting maximum power values of 20 dBm vs. 23 dBm.
2.2
The state-of-art of low-cost PA integration
We consider the performance of a single-chip HSPA transceiver with fully integrated 3G CMOS power amplifiers [6]. Monolithic transceiver and PA integration, including impedance matching networks, was done in a standard 65nm CMOS technology without additional metal stack options nor process tunings, enabling real low-cost monolithic system integration.
The transceiver supports WCDMA and HSPA with output power >27dBm and >26dBm, respectively, and is fully compliant with the 3GPP specifications (see Figure 1 below). The specified output power of 23dBm at the antenna port is guaranteed over process, temperature and load impedance mismatch up to VSWR=2:1 (all phases) at the antenna port, while still meeting the 3GPP specifications. The assumed frontend losses are 4dB.
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Figure 1: Performance summary of complete transmitter with monolithic integrated PA (reproduced from [6])

The robustness of the PA was measured in order to guarantee suitability for mass production.

The size of a PA, including inter-stage and output matching networks, is less than 1mm2.

Observation 1: The transceiver demonstrated in [6] with a fully integrated PA supports 3GPP compliant UMTS output power of 23dBm under variation of the impedance at the antenna port of VSWR=2:1.
Detailed measurement results of ACLR and current drain are shown in Figure 2 below.
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Figure 2: WCDMA RMC12k2 performance at the antenna port for bands 1/2/5/8 (reproduced from [6])

An eMTC device will usually use half duplex and therefore have a lower frontend loss than the UMTS/HSPA device, which has 4dB frontend losses, since the duplexer can be replaced by a filter. The TX filter may have losses in the order of 1.5dB and the antenna switch will usually have 0.5dB. Therefore the losses for the filter and the antenna switch result in 2dB frontend losses, may be in some cases with tighter filter specifications up to 3dB. Since the transceiver with integrated PA can deliver 26dBm in HSPA mode and the required back off for LTE is similar to HSPA, the output power at the antenna port can be 23dBm assuming 3dB frontend losses.
Observation 2: The fully integrated PA of the transceiver demonstrated in [6] can support 23dBm LTE output power assuming a 3dB frontend loss of the eMTC device.
It has been argued [7] that lower output power can save battery by lowering the value of the peak current drawn from the battery. We note that the maximum output power is usually required when the signal received by the base station is weak. In these cases lower output power can easily lead to a dramatic increase of the number of repeated transmissions of a pack, cancelling and supplanting the life-time savings obtained by lowering the peak current.
Observation 3: In an edge of network coverage scenario, lower output power can likely lead to an increase of the number of UL retransmissions, leading to increased energy consumption over the potential life-time savings obtained through lowering the peak current.
Assuming doubling the number of the repetitions to re-gain the 3dB power reduction from 23dBm down to 20dBm will result in twice the time the transmitter is on. Therefore the PA has to deliver the 20dBm twice as long as the PA that can do 23dBm. Assuming that both PAs can be optimized to have the same efficiency this means that both PAs will in total burn the same energy. However, the transceiver also draws current which is independent of the output power, for example for the oscillator, modulator, baseband signal processing etc. But this power burned in the transceiver will be twice as high when transmitting twice as long due to 3dB missing power of the 20dBm device, so the total energy burned in the 20dBm device will be significantly higher. Here are some calculations with some numbers that are expected to be in the right order of magnitude:

Power consumption 20dBm PA: 200mA

Power consumption 23dBm PA: 400mA

Power consumption TX part of transceiver: 50mA

TX time with repetitions for 20dBm: 20ms

TX time with repetitions for 23dBm: 10ms

In this case the total current consumption for this transmission will be:

20dBm:

(200mA+50mA)*20ms=5mAs

23dBm:

(400mA+50mA)*10ms=4.5mAs

Conclusion: the power consumption of the 23dBm device is 10% lower than the power consumption of the 20dBm device.

Observation 4: In a scenario where the PAs have to operate at maximum power, the 23dBm device will save power compared to the 20dBm device due to the lower duty cycle
Observation 5: A single-chip integrated transceiver + PA solution can feasibly and affordably support a Power Class of 23 dBm and will save power compared to the 20dBm device.

2.3
Benefits to network resource utilization and device battery life
Following the above analysis on the feasibility and affordability of designing a single-chip integrated PA solution that supports a Power Class of 23 dBm, in this sub-section, we provide a brief summary of some of the benefits of maintaining the existing UE Power Class of 23 dBm for Rel-13 Low Complexity (LC) MTC UEs. 

One of the clear benefits of keeping the existing value of maximum transmission power of 23 dBm is that there would be no need to compensate for the additional loss in UL coverage due to transmission power reduction through coverage enhancement techniques. Although RAN1 WG has already agreed to compensate for any such UL coverage loss (up to a maximum additional compensation of 3 dB) via coverage enhancement techniques, compared to a UE with maximum transmission power of 23 dBm, a UE with 20 dBm maximum transmission power would always need at least double the number of repetitions to compensate for the additional 3 dB gap. This is because any other coverage enhancement technique can be equally applicable to the UE with 23 dBm maximum transmission power. 

For a certain coverage target, a UE can finish its transmission much sooner if it can transmit with 23 dBm transmission power compared to 20 dBm or less of transmission power on the UL. Thus, for any transmission of PRACH, PUSCH, or MTC PUCCH, potentially at least double the network resources would be consumed whenever the UE is operating in enhanced coverage. Considering a very large number of such LC MTC devices being deployed in the near future, the cumulative loading on the LTE system resources can be significant even if a fraction of such UEs in enhanced coverage run applications that result in moderate-to-heavy UL traffic (relative to the category of MTC UEs). 
Additionally, a faster transmission duration leads to improved UE battery life even when the increased peak power consumption to support 23 dBm transmission power (compared to 20 dBm transmission power) is accounted for. Therefore, even from a total power consumption efficiency perspective, a higher output power is beneficial.
The importance of the above considerations should be almost self-evident since minimization of the number of repetitions needed for enhanced coverage support is most desirable in consideration of both network resource utilization efficiency as well as UE battery life.
Observation 6: Maintaining the existing UE Power Class of 23 dBm brings clear advantages to the network and the device by requiring fewer repetitions of UL transmissions in enhanced coverage: this is beneficial from the perspectives of enabling not only an efficient network resource utilization but also improved UE battery life. 
3
Conclusions

The WID describes the possible introduction of a new UE power class [1] with a reduced maximum transmission power to enable an integrated PA implementation.  This paper has presented an existing single-chip integrated PA solution along with the relevant measurements.  An observation of total energy consumption vs. peak current draw was made in response to [7].  
Observation 1: The transceiver demonstrated in [6] with a fully integrated PA supports 3GPP compliant UMTS output power of 23dBm under variation of the impedance at the antenna port of VSWR=2:1.
Observation 2: The fully integrated PA of the transceiver demonstrated in [6] can support 23dBm LTE output power assuming a 3dB frontend loss of the eMTC device.
Observation 3: In an edge of network coverage scenario, lower output power can likely lead to an increase of the number of UL retransmissions, leading to increased energy consumption over the potential life-time savings obtained through lowering the peak current.

Observation 4: In a scenario where the PAs have to operate at maximum power, the 23dBm device will save power compared to the 20dBm device due to the lower duty cycle
Observation 5: A single-chip integrated transceiver + PA solution can feasibly and affordably support a Power Class of 23 dBm and will save power compared to the 20dBm device.

Observation 6: Maintaining the existing UE Power Class of 23 dBm brings clear advantages to the network and the device by requiring fewer repetitions of UL transmissions in enhanced coverage: this is beneficial from the perspectives of enabling not only an efficient network resource utilization but also improved UE battery life.

Considering the above objective from the WID, there is no need to reduce the maximum transmission power, since it is already possible to realize the integrated PA implementation shown in this paper.  Based on these observations, our proposals are as follows:

Proposal 1: RAN4 to agree that the Power Class applicable to eMTC UEs shall be 23 dBm with a tolerance of +2/-2

Proposal 2: RAN4 to inform RAN1 of the above agreement in an LS.
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