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1 Introduction
The general objective of Rel.13 WID “Further LTE Physical Layer Enhancements for MTC” is to specify a new UE for MTC operation in LTE that allows for enhanced coverage compared to existing LTE networks and low power consumption [1]. One possibility to achieve low power consumption is to consider lower order modulation scheme.
The usage of lower order modulation (e.g. π/2 BPSK) has been thoroughly investigated and reported in [2],[3],[7]. Lower order modulation here is a modulation scheme that carries 1 bit / symbol. It has advantages, in particular low peak-to-average power ratio (PAPR) and low cubic metric (CM) factor. It also suits well for the usage of MTC that typically require a small data packet and the device in an extreme location (e.g. basement and/or cell edges). 
This contribution describes Sony’s view on power consumption reduction techniques for MTC devices, in particular the motivation to use lower order modulation instead of advanced PA (i.e. envelope tracking PA).
2 Discussion
2.1 Power Amplifier Efficiency Considerations
Power amplifier (PA) is known as a component that consumes relatively high power consumption in an UE. The operation of a power amplifier with higher efficiency is always desirable. One way to achieve this is by using lower order modulation (e.g GMSK, BPSK, π/2 BPSK) so that the PA can still be operated in its linear region and results in higher efficiency PA and longer battery life. Lower order modulation here means one bit is carried / modulated in one symbol. Lower order modulation has some advantages, such as low peak-to-average power ratio (PAPR) and low cubic metric (CM) factor [4], [5].
The relation of PAPR (in dB) and power amplifier efficiency [image: image2.png]


 can be theoretically expressed as [6]:
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Assuming the [image: image5.png]


 of a low cost MTC PA in a single chip solution with a narrow band CW signal can achieve [image: image7.png]


=78.5% and the PAPR results in [5], we can obtain the PA efficiency when the following various LTE uplink modulation schemes are used as shown in Table 1.
Table 1: PAPR and Power Amplifier Efficiency
	Modulation
	PAPR 99.9%
	PA Efficiency

	pi/2 BPSK
	4.5 dB
	46.76%

	QPSK
	5.8 dB
	40.26%

	16QAM
	6.4 dB
	37.57%


It can be observed the lower order modulation scheme (i.e. pi/2 BPSK) results in ~6.5% PA efficiency improvement than QPSK which is considered as relatively high improvement in the area of power amplifier study. This efficiency improvement is also relatively higher than the case of switching from 16QAM down to QPSK (~2.7% improvement). GMSK which has smaller PAPR is even expected to achieve higher PA efficiency because of smaller PAPR/CM property than pi/2 BPSK.
An investigation using a model for a commercially available PA has promising results such that lower order modulation has significant PA power consumption reduction compared to QPSK at maximum output power [7]. PA power consumption reduction for pi/2 BPSK and GMSK are around 15% and 25%, respectively [7].
Another aspect, the maximum average power (i.e. Maximum Transmission Power Level) is given from maximum peak power (at the PA output) minus PAPR. Thus, reducing PAPR would give the possibility to increase maximum transmission power level.
Observation 1: Lower order modulation schemes (e.g. π/2 BPSK, GMSK) improve both the PA efficiency and / or the Maximum Transmission Power Level. 
2.2 Envelope Tracking (ET) PA

As an effort to reduce power consumption, envelope tracking (ET) PA has been considered for MTC device [7]. ET PA is known to enable higher PA efficiency and thus, reduced PA power consumption. A typical ET PA block diagram is shown in Figure 1 [8]. 
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Figure 1: Envelope Tracking Block Diagram
ET PA requires new hardware components than the traditional PA, such as:
· DAC in amplitude path

· LPF in amplitude path

· Envelope tracking supply

· Various baseband blocks (e.g. magnitude estimatin, delay estimation, etc).

Therefore, it will increase the implementation cost of MTC device. More effort is then required to have a single chip solution (due to the additional components).

Moreover, ET PA is quite sensitive in delay distortion leading to increasing EVM and affecting PA linearity.

Observation 2: ET PA can improve the PA efficiency. But, it requires additional components which can increase the UE implementation complexity.
2.3 Lower Order Modulation 
LTE so far has been defined to support QPSK as the lowest order modulation scheme. In order to preserve the battery life, we should consider using the lower order modulation scheme (e.g GMSK, BPSK, π/2 BPSK) that offers low PAPR. Moreover, the typical traffic model of MTC device that is usually designed to transmit small data packet suits well to use lower order modulation. Note, the legacy PHICH is already using lower order modulation.
Proposal 1: Consider MTC uplink to use lower order modulation scheme (e.g. π/2-BPSK, GMSK) for uplink shared channel (PUSCH) and uplink control channel (PUCCH) and investigate the possibility for PRACH.
2.3.1 Lower Order Modulation Use-Cases
The lower order modulation would be beneficial since the limiting factor for the on-chip PA implementation is the peak output power. The maximum average power (i.e. Maximum Transmission Power Level) is given from maximum peak power (at the PA output) minus PAPR. Thus, reducing PAPR would give the possibility to increase maximum transmission power level. Hence, greater coverage can be achieved by the usage of lower order modulation. This can be used in particular to the MTC device in the cell-edges and/or extreme conditions (e.g, basements).
Observation 3: The possibility to increase maximum transmission power level with lower order modulation can also provide greater cell coverage. Low order modulation can also keep the balance between link budget and coverage.  

We have also identified a potential issue that related to the link adaptation for uplink direction which may affect MTC device power consumption. A simple illustration of an LTE network is given in Figure 2. An UE which located in a close proximity to the eNodeB is typically obtained an excellent channel condition. Thus, the link adaptation mechanism suggests the eNodeB to transmit the signal with higher MCS index. If the UE is located at the cell-edge, then typically the link adaptation mechanism suggests the eNodeB to transmit the signal with lower MCS index.
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Figure 2: Illustration of several UEs with various modulation schemes connected to an eNodeB
An MTC device that very close to the eNodeB will likely transmit with higher order modulation even if it is only required to transmit a small data packet. This occurrence will drain the device battery relatively faster than if the transmission uses lower order modulation. Here, we propose so that the link adaptation results can be over-ruled or has an exception for MTC device with low data traffic. In practice, it can be done either the following methods: 

· The MTC device transmits a dedicated signal to eNodeB indicating that it has low data (below certain threshold) to be transmitted. Then, the eNodeB will assign the UE to use lower order modulation.
· No dedicated signal as mentioned above. The eNodeB collects and analyze the data traffic from that particular MTC device (e.g. simple averaging). If the data traffic is below certain thresholds then the eNodeB will assign the UE to use lower order modulation.

Proposal 2: A possibility for the eNodeB to allocate lower order modulation to MTC device with low data traffic, especially for the MTC device which has good channel condition but only requires transmitting a small packet data.

3 Conclusion

This contribution considered aspects for the lower order modulation to Rel-13 low cost MTCs. In particular, the following are observed
Observation 1: Lower order modulation schemes (e.g. π/2 BPSK, GMSK) improve both the PA efficiency and / or the Maximum Transmission Power Level. 

Observation 2: ET PA can improve the PA efficiency. But, it requires additional components which can increase the UE implementation complexity.

Observation 3: The possibility to increase maximum transmission power level with lower order modulation can also provide greater cell coverage. Low order modulation can also keep the balance between link budget and coverage.
Based on the above observations, two proposals related to MTC power consumption reduction techniques are provided below:
Proposal 1: Proposal 1: Consider MTC uplink to use lower order modulation scheme (e.g. π/2-BPSK, GMSK) for uplink shared channel (PUSCH) and uplink control channel (PUCCH) and investigate the possibility for PRACH.
Proposal 2: A possibility for the eNodeB to allocate lower order modulation to MTC UE with low data traffic, especially for the MTC UE which has good channel condition but only requires transmitting a small packet data.
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