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1. Introduction

In RAN1 #80bis, it was discussed that tail biting convolutional code (TBCC) can be a possible channel coding for small packets to reduce UE power consumption [1]. 
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We provide simulation results for PUSCH with TBCC comparing Turbo code (TC) in terms of PUSCH coverage enhancement. 
2. Simulation Results
LC/CE UEs will be restricted to low MCS which corresponds to very small TBS and QPSK modulation. Although frequency hopping and multiple subframe channel estimation techniques are introduced to reduce the number of PUSCH repetitions for CE UEs, the number of repetitions should be further reduced for UE power consumption reduction. 
Figure 1 shows the required SNR of TBCC and TC for PUSCH with repetitions for the target of 10% iBLER under EPA 1Hz channel. We consider small TBS lower than 64 bits including 24-bit CRC within 1PRB PUSCH. MCS0 applies to 40bits packet and QPSK modulation, and MCS3 to 64bits packet and QPSK modulation. We follow the simulation assumptions provided in [2], which is summarized in Table 1.
Table 1 Simulation assumptions for PUSCH in FDD mode

	Parameters
	Value

	System bandwidth
	10MHz

	Carrier frequency
	2GHz

	Antenna configuration
	1x2

	Channel model
	EPA

	Doppler spread
	1Hz

	Number of UL RBs
	1

	Transmission mode
	TM1

	Frequency tracking error
	100Hz

	Performance target
	10% iBLER

	Channel estimation
	Single-subframe Channel Estimation


For single transmission, TBCC obtains small gain less than 0.5dB.  However, repetition increases the gain of TBCC over TC. For MCS0, TBCC performs 4.2dB better gain than TC with 200 repetitions. For MCS3, TBCC performs 3.5dB better gain than TC with 200 repetitions. Therefore, TBCC should be supported at least for LC UEs in coverage enhancement of PUSCH
Proposal 1: At least LC UEs operating CE support TBCC for PUSCH.
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Figure 1 Required SNR vs the number of repetitions
3. Conclusions
Proposal 1: At least LC UEs operating CE support TBCC for PUSCH.
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(Possible Chairman’s summary) Possible power consumption reduction techniques include at least the following:


TBCC vs. Turbo coding for small packets





3.5dB for MCS3





4.2dB for MCS0








