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1 Introduction
In this contribution, we provide preliminary DL performance results for NB-IoT In-band operation. The DL numerology is based on legacy LTE, and corresponding configuration is 15kHz subcarrier spacing with Normal CP.
2 Simulation Assumption
This section describes the encoding chain and related parameters of each evaluated DL channel. General link-level simulation assumptions are also listed.
2.1 Encoding chain of DL channels
M-PDSCH follows encoding chain of legacy LTE based on TBCC for each Information block (Transport block for M-PDSCH). After encoding, the encoded bits are interleaved and put into a (circular) buffer. When RE mapping is performed for the first subframe, the transmitter fetches bits from the beginning of the buffer (circularly). If more than one subframe are used for the same Information block, the transmitter fetches following bits in the buffer (circularly) per subframe. The simulation is based on adjusting “Number of subframes per Information block” to meet BLER target.
M-PDCCH follows the similar encoding chain and RE mapping procedure as M-PDSCH. In addition, C-RNTI is used for CRC-masking. Information block for M-PDCCH means DCI.
M-PBCH also follows the similar encoding chain and RE mapping procedure as M-PDSCH. However, its TTI is 640ms, and please refer to Figure 1 for more details. It is noted every 2 subframes are allocated for M-PBCH per 40ms. To accommodate three operation modes, only 11 OFDM symbols out of 14 OFDM symbols are used for M-PBCH. Please refer to our another contribution [1] for more information of M-PSS/M-SSS/M-PBCH design.
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Figure 1. Evaluated M-PBCH design in NB-IoT
Some DL channel related parameters are listed in below Table 1

Table 1. Simulation parameters of DL channels
	Channel for NB-IoT 
	M-PDSCH
	M-PDCCH
	M-PBCH

	Number of bits of Information block
	776
	48
	34

	CRC bits No.
	24
	16
	16

	Antenna Config
	2T1R with SFBC

	Channel coding 
	TBCC of legacy LTE

	Modulation
	QPSK

	Target BLER
	10%
	1%
	1%


About channel estimation, real channel estimation is assumed for M-PDSCH/M-PDCCH with LTE CRS. However, for M-PBCH, since reference signal for channel estimation is still an open issue at this moment, ideal channel estimation is assumed.
2.2 General link level simulation assumption
Most general link level simulation assumptions follow references [2][3], and important parameters are listed in Table 2.
Table 2. General link level simulation assumption

	Parameter 
	In-band 

	LTE system bandwidth 
	10 MHz 

	LTE PRB index for NB-IoT transmission 
	10 

	eNB transmit power for NB-IoT 
	46 dBm shared among LTE and NB-IoT 
6dB power boosting for NB-IoT 
(( 35dBm for NB-IoT) 

	Propagation channel model 
	TU 

	Doppler spread 
	1 Hz 

	Antenna configuration 
(Transmission mode) 
	BS : 2T
MS : 1R 

	PDCCH/PCFICH/PHICH 
	2 OFDM symbols 

	Reference signals 
	CRS has same power density as NB-IoT 

	Others 
	No CSI-RS
No MBSFN configuration 


3 Simulation Results
3.1 Link-level simulation results
Figure 2 and Figure 3 show the link-level performance of M-PDSCH and M-PDCCH, respectively. 
It is found that when “Number of subframes per Information block ~= 1500”, BLER=0.1 can be achieved @ SNR=-12.6dB (to satisfy MCL=164dB) for M-PDSCH. When “Number of subframes per Information block ~= 350”, BLER=0.01 can be achieved @ SNR=-12.6dB for M-PDCCH.
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Figure 2. Simulation results of M-PDSCH           Figure 3. Simulation results of M-PDCCH

Figure 4 shows the simulation result of M-PBCH in distribution of successful acquisition time. Acquisition time for 99% successful rate is 3200ms.
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Figure 4. Acquisition time analysis of M-PBCH

3.2 MCL discussion
Based on our link-level simulation setting with SNR = -12.6dB for M-PDSCH, M-PDCCH and M-PBCH, it is found MCL=164dB is achievable. The details are presented in the below Table.
Table 4. MCL discussion

	
	M-PDSCH 
	M-PDCCH 
	M-PBCH 

	Number of subframe per Information block 
	1500 
	350 
	N/A 

	Acquisition time for 99% successful rate 
	N/A 
	N/A 
	3200ms 

	

	Transmitter 

	(1) Actual Tx power (dBm) 
	35
 (6dB power boost for NB-IoT) 

	Receiver  

	(2) Thermal noise density (dBm/Hz) 
	-174 

	(3) Receiver noise figure (dB) 
	5 

	(4) Interference margin (dB) 
	0 

	(5) Occupied channel bandwidth (Hz) 
	180,000 

	(6) Effective noise power 
= (2) + (3) + (4) + 10 log ((5))  (dBm) 
	-116.4 

	(7) Required SINR (dB) 
	-12.6 

	(8) Receiver sensitivity = (6) + (7) (dBm) 
	-129.0 

	(9) Rx processing gain 
	0 

	(10) MCL  = (1) -(8) + (9) (dB) 
	164.0 


4 Conclusion
In this contribution, M-PDSCH, M-PDCCH, and M-PBCH based on DL 15kHz-subcarrier-spacing numerology are evaluated and simulation results are presented. It is found that MCL=164dB is achievable in NB-IoT for In-band operation.
Observation #1: Based on DL 15kHz-subcarrier-spacing numerology, M-PDSCH, M-PDCCH, and M-PBCH can meet requirement of “MCL=164dB” for In-band operation.
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