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1 Introduction
In RAN1-82 meeting, to achieve target MCL of 164dB, lowering coderate by increasing repetition level is one popular approach. However, repetition will decrease overall system efficiency. In this contribution, tail biting convolution code (TBCC) and conventional convolution code (CC) are evaluated. Based on simulation results, CC can reduce decoding complexity and provide slightly better performance for larger payload size scenario.
2 Discussion
TBCC can reduce the control channel overhead and provide equal level protection for all bits. With puncturing, TBCC outperforms CC about 0.5dB so that TBCC is chosen as DL channel coding for PDCCH [1]. PBCH carries only 40 information bits (including CRC), and the use of Turbo code is not optimum for short message transmission. Compared with turbo code, TBCC reduces the required SNR by more than 0.5dB. Since TBCC has been used in PDCCH, there is no additional implementation complexity [2]. Therefore, TBCC is the DL channel coding for PDCCH and PBCH. 
The larger MCL can be treated as coverage extension and the system can support massive numbers of NB-IOT devices. However the overall spectrum efficiency is also very important as well. For the NB-IOT UE operating at low SNR region, e.g. located in basement, extremely low effective coderates for M-PBCH and M-SIB are expected. Figure 1 and Table2 compare the performance of CC and TBCC. As payload size is larger than or equal to 200bits, CC provides approximated 0.3dB performance enhancement. According to simulation results, we further demonstrate the performance benefits of using CC.
Since the initial state of TBCC is unknown, Wrap-Around Viterbi Algorithm (WAVA) is generally adopted. WAVA needs ``warm up’’ to estimate the initial state and it means the decoding complexity of TBCC is higher than one of CC as well. Power reduction techniques are extensively discussed for MTC. eDRX and minimizing blind detection candidate number of MPDCCH can be used to reduce the MPDCCH decoding number. Using CC can further reduce power consumption in every M-PDCCH/M-PBCH decoding. 
To reduce implementation cost of MTC device, unified DL channel coding is preferred for M-PDCCH, M-PBCH and M-PDSCH.
Proposal #1: Adopt conventional code with tail bits as DL channel coding for NB-IOT.
2.1 Simulation Assumption
Link-level simulation assumptions for TBCC and CC are listed in Table 1.

	Parameter
	Value

	LTE system bandwidth
	10 MHz

	NB-IOT system bandwidth
	1 PRB

	Frequency band
	2 GHz

	Channel model
	TU1

	Antenna configuration 
(Transmission mode)
	2T1R

SFBC

	Payload size including CRC bits (bits)
	TBCC: {N1, N2, N3} = {50, 200, 800}
CC: {N1, N2, N3} = {56, 206, 806}

	Legacy control region
	2 OFDM symbols

	Repetition level * TTI (subframes) 
	360 subframes


Table 1. Link-level simulation assumptions for TBCC and CC
2.2 Simulation Result

Figure1 illustrates link-level performance of TBCC and CC. The required SNRs of 1% BLER are summarized in Table 2. For larger payload sizes, CC can provide the performance enhancement on order of 0.3dB.
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Figure 1, performance of TBCC and CC

	
	CC 

(BLER = 0.01)
	TBCC 

(BLER = 0.01) 

	Payload size = N1
	-14.04dB
	-14.11dB

	Payload size = N2
	-8.25dB
	-7.93dB

	Payload size = N3
	-1.72dB
	-1.37dB


Table 2: Required SNRs for TBCC and CC

3 Conclusion
In this contribution, we evaluated performance of TBCC and CC. From the results, one proposal is made.
Proposal #1: Adopt conventional code with tail bits as DL channel coding for NB-IOT.
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