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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].

The usage of lower order modulation (e.g. π/2 BPSK) has been thoroughly investigated and reported in [2]. 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). However, introducing a new modulation scheme will affect the existing LTE configuration.
This contribution describes Sony’s view on power consumption reduction techniques for MTC devices, in particular the motivation to use lower order modulation and its implication to the existing specifications.
2 Discussion
Power Amplifier Consideration

Power amplifier (PA) of a wireless communication device is a component that consumes relatively high power consumption [3]. 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]:

[image: image3.png]—PAPR
n=n %1020
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 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.
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 to use a lower order modulation scheme (e.g GMSK, BPSK, π/2 BPSK) that offer low PAPR and higher PA efficiency. Moreover, the typical traffic model of MTC device that is usually designed to transmit small data packet suits well to use lower order modulation. 

Proposal 1: Consider MTC uplink to use lower order modulation scheme (e.g. π/2-BPSK) for uplink shared channel (PUSCH) and uplink control channel (PUCCH).
Implication

LTE as of today has been defined to use specific modulation scheme (i.e, QPSK, 16QAM, 64QAM, and 256QAM) for the data transmission from eNodeB to UE (and vice versa). More specifically, it is defined in a form of MCS and TBS index table [7]. Subsequently, the transport block size for the data transmission is defined as a function of TBS index and resource block size [7]. The MCS and TBS table size are quite limited. It contains 32 indices and the first 10 indices are allocated for QPSK, as shown as in Table 1. Within 10 indices for QPSK, the higher coding rate is allocated at higher indices.

Some updates to the modulation and TBS index table are required to accommodate lower order modulation scheme. Instead of re-introducing completely new tables, we propose to introduce minor modifications to the existing MCS table for MTC device.

The updates are basically modifying the lower N indices (N>0) of modulation and TBS index table to be allocated for the newly introduced modulation scheme (e.g. GMSK, π/2 BPSK) instead of QPSK as it is defined in the current specification [7]. We can consider, either N=1, or N=2.
The overall process is described as follow:

1. First eNodeB detects the device type (either legacy LTE-UE or MTC). The detection can be based on any existing common methods (e.g. based on PRACH signal from UE to detect low cost MTC).
2. If eNodeB detects a legacy LTE UE then the LTE network will use the existing modulation and TBS index table  for that particular UE.

3. If eNodeB detects an MTC UE and eNodeB decides to use at least QPSK modulation, then the LTE network will use the existing modulation and TBS index table for that particular UE.

4. If eNodeB detects an MTC UE and eNodeB decides to use lower than QPSK modulation (e.g. GMSK, π/2 BPSK), then the LTE network will use the updated modulation and TBS index table for that particular UE.

Proposal 2: Introduce minor modifications to the existing modulation and TBS index table  in order to support MTC device with lower order modulation.
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 1. 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 1: 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 UE 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 UE (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 3: 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.

3 Conclusion
Three proposals related to MTC power consumption reduction techniques are provided below:
Proposal 1: Consider MTC uplink to use lower order modulation scheme (i.e lower than QPSK) to increase PA efficiency and conserved battery life.
Proposal 2: Introduce minor modifications to the existing modulation and TBS index table in order to support MTC device with lower order modulation.
Proposal 3: 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.
References
[1] RP-141660, “New WI Proposal: Further LTE Physical Layer Enhancements for MTC”
[2] TR 25.814, “Physical layer aspects for evolved Universal Terrestrial Radio Access (UTRA)”, V7.1.0
[3] R1-145016, “Battery Technology Impacts on Maximum UE Transmit Power for MTC”

[4] R1-051185, “PAR-reducing modulation for E-UTRA SC-FDMA uplink” 

[5] R1-051088, “Coverage comparison between UL OFDMA and SC-FDMA”
[6] Miller, S.C, O’Dea R.J, “Peak Power and Bandwidth Efficient Linear Modulation”, IEEE Trans on Communications, Dec. 1998.

[7] 3GPP TS 36.213, Physical layer procedures (Release 12), V12.3.0, September 2014.


1/3


_1484167378.vsd

