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1 Introduction

The detailed objectives for power consumption reduction for MTC UEs identified in the WID [1] are as below:
	· Provide power consumption reduction for the UE category/type defined above, both in normal coverage and enhanced coverage, to target ultra-long battery life:
· When defining the detailed solutions for the Rel-13 low complexity UEs and the solutions for coverage enhanced UEs, strive to reduce active transmit/receive time (e.g., minimizing the required number of repetitions by minimizing sizes of control messages).

· Modification, including redesign, addition or removal, of signals/channels can be considered if this can achieve significant power consumption reduction.

· Reduction of measurement time, measurement reporting, feedback signalling, system information acquisition, and synchronization acquisition time etc., can be considered if this can achieve significant power consumption reduction.


In addition to power consumption, spectral efficiency is always an important metric particularly considering the inherently inefficient design of low cost UEs due to the constraints associated with cost reduction (e.g. 1 Rx antenna, transmission/reception only within 6 RBs). 

This contribution considers the impact of the coding method (tail biting convolutional code vs. turbo code) on the power consumption and spectral efficiency for low cost UEs. 

2 Data Coding for Low Cost UEs
Many low cost UE applications, such as metering or monitoring, will require very small data rates that are typically well below 100 Kbps. In fact, other than applications involving video, such as surveillance, where a maximum data rate of 1 Mbps (for TBS of 1000 bits) can be beneficial, low cost UE applications will involve small data packets. Moreover, for low cost UEs operating with coverage enhanced operation where the modulation is limited to QPSK and PUSCH transmission is limited to 1 PRB, the maximum TBS is 136 bits (not including 24 CRC bits) for 
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 and a typical TBS can be 72 bits (not including 24 CRC bits) for 
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. This is somewhat higher than the target of 20 Kbps data rate in coverage enhanced operation.
For small TBS, the coding scheme needs to be considered particularly since BLER degradation due to improper coding can lead to increased number of repetitions and therefore increase power consumption (due to increased transmit/receive time) and degrade spectral efficiency. It is noted that LTE uses tail biting convolutional coding (TBCC) for DCI formats or A-CSI reports with payloads in the order of 70-80 bits (including CRC) and that PBCH is also transmitted/received using TBCC. 
Figure 1 presents a comparison of the required PUSCH SINR using turbo coding vs. using TBCC as a function of the data TBS for the EPA 1 Hz channel, 1x2 Tx/Rx antenna configuration, QPSK modulation, and transmission in 1 PRB.   
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Figure 1: Required SINR for TBCC and TC for PUSCH Transmissions in 1 RB
From Figure 1, it can be observed that using TBCC requires ~0.8 dB less SINR for MCS0, ~0.35 SINR for MCS5, and practically the same SINR for MCS9 as using TC. For legacy UEs, such SINR differences were not of major concern as respective TBS are unlikely in practice and have marginal impact on system throughput. This is no longer the case for low cost UEs for applications associated with transmission of small data TBs or for operation with coverage enhancements. 
Figure 2 provides the mean number of PUSCH repetitions from results provided in RAN1#80 assuming DMRS interpolation over 4 subframes [2]. 
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Figure 2: Number of PUSCH Repetitions (MCS 5) vs. Coverage Enhancement Level.

From Figure 2, it can be observed that, depending on the required coverage enhancement level, about 10%-30% more repetitions are needed to gain 0.4 dB in coverage. This directly affects UE power consumption and system spectral efficiency. Clearly, as the gain of TBCC BLER decreases as the TBS increases, the gains in UE power consumption and system spectral efficiency will be larger for MCS smaller than MCS5 and lower for MCS larger than MCS5. Such gains are meaningful for the operation of low cost UEs and as they do not require additional UE or eNB complexity, TBCC should be used for the transmission of small TBS. 

Proposal: TBCC is used for encoding of data TBS less than or equal to 136 bits (or 160 bits assuming a 24-bit CRC). 

3 Conclusions

This contribution considered UE power consumption and system spectral efficiency aspects related to using TBCC vs. TC for small TBS. As TBCC can offer meaningful gains over TC in those metrics, the following is proposed
Proposal: TBCC is used for encoding of data TBS less than or equal to 136 bits (or 160 bits assuming a 24-bit CRC). 
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