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1. Introduction

In RAN4#80 Meeting, the Narrow Band IoT (NB-IoT) work item (WI) has reached a way forward on demodulation performance and a performance gap between NPBCH and NPDCCH has been discussed [2]. Interested companies are encouraged to provide NPBCH performances including impairment error evaluated under ETU-1Hz and EPA-1Hz at SNR=-12dB target to testify the NPBCH coverage with different NPBCH capture time compared with NPDCCH coverage. And also the simulation results are provided to meet the 1% BLER requirement for simulation cases as described in [1]. In this contribution, we provide simulation results to show the BLER performance for NPBCH.
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For NPBCH, two test cases (i.e. Simulation number 1 and 2 in Table 1) have been agreed in RAN4#80 Meeting [1]. In this contribution, the main simulation parameters are accordingly configured as in Table 1 and Table 2, here for coverage study, ETU-1Hz (i.e. Simulation number 3 and 4 in Table 1) are also simulated for comparison.
Table 1: Minimum performance for NPBCH
	Simulation number
	Bandwidth 
	Deployment mode
	Reference Channel
	Propagation Condition
	Antenna configuration 
	Reference value

	
	
	
	
	
	
	Pm-bch (%)
	SNR (dB)

	1
	180 KHz
	Stand-alone
	R.NB1.1
	EPA1
	1 x 1
	1
	TBD

	2
	180kHz
	In-band/Guard-band
	R.NB1.2
	EPA1
	2 x 1 Low
	1
	TBD

	3
	180 KHz
	Stand-alone
	R.NB1.1
	ETU1
	1 x 1
	1
	TBD

	4
	180kHz
	In-band/Guard-band
	R.NB1.2
	ETU1
	2 x 1 Low
	1
	TBD




Table 2	RMC table for NPBCH
	Parameter
	Unit
	Value

	Reference channel
	
	R.NB1.1
	R.NB1.2

	Number of transmitter antennas
	
	1
	2

	Channel bandwidth
	MHz
	0.2
	0.2

	Modulation
	
	QPSK
	QPSK

	Target coding rate
	
	50/1600
	50/1600

	Payload (without CRC)
	Bits
	34
	34



The alignment simulation results of BLER vs. SNR for Simulation Case 1&3 are shown in Fig.1.
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Fig.1. BLER vs. SNR for NPBCH
                                      
Observation 1: For Simulation Case1 and Case3, the performance under ETU-1Hz and EPA-1Hz is similar,  the target SNR difference is less than 0.6dB.
Observation 2: When the NPBCH acquisition time is one TTI, for Simulation Case 1, the BLER of 1% is achieved at SNR around -3.9dB. For Simulation Case 3, the BLER of 1% is achieved at SNR around -3.7dB. 
Observation 3: When the NPBCH acquisition time is 2 TTIs, for Simulation Case 1, the BLER of 1% is achieved at SNR around -6.8dB. For Simulation Case 3, the BLER of 1% is achieved at SNR around -7.1dB. 
Observation 4: When the NPBCH acquisition time is 3 TTIs, for Simulation Case 1, the BLER of 1% is achieved at SNR around -8.6dB. For Simulation Case 3, the BLER of 1% is achieved at SNR around -9.2dB.

The alignment simulation results of BLER vs. SNR for Simulation Case 2&4 is shown in Fig.2.
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Fig.2. BLER vs. SNR for NPBCH


Observation 1: For simulation Case2 and Case4, the performance under ETU-1Hz and EPA-1Hz is almost the same.
Observation 2: When the NPBCH acquisition time is one TTI, for Simulation Case 2&4, the BLER of 1% is achieved at SNR around -5.8dB. 
Observation 3: When the NPBCH acquisition time is 2 TTIs, for Simulation Case 2&4, the BLER of 1% is achieved at SNR around -7.9dB. 
Observation 4: When the NPBCH acquisition time is 3 TTIs, for Simulation Case 2, the BLER of 1% is achieved at SNR around -9.7dB. For Simulation Case 4, the BLER of 1% is achieved at SNR around -9.6dB.
3. Summary
According to the alignment simulation results shown in section 2, the SNRs satisfying 1% Pm-bch for case 1-4 are shown below:
	Simulation number
	Propagation Condition
	Antenna configuration
	Reference value
	Target SNR (dB)

	
	
	
	Pm-dsg (%)
	Max NPBCH 
Acquisition Time 
640ms
	Max NPBCH 
Acquisition Time 
640ms*2
	Max NPBCH 
Acquisition Time 
640ms*3

	1
	EPA1
	1x1
	1
	-3.9
	-6.8
	-8.6

	2
	EPA1
	2x1
	1
	-5.8
	-7.9
	-9.7

	3
	ETU1
	1x1
	1
	-3.7
	-7.1
	-9.2

	4
	ETU1
	2x1
	1
	-5.8
	-7.9
	-9.6



The impairment simulation results of the SNRs satisfying 1% Pm-bch for case 1-4 are shown below:
	Simulation number
	Propagation Condition
	Antenna configuration
	Reference value
	Target SNR (dB)

	
	
	
	Pm-dsg (%)
	Max NPBCH 
Acquisition Time 
640ms
	Max NPBCH 
Acquisition Time 
640ms*2
	Max NPBCH 
Acquisition Time 
640ms*3

	1
	EPA1
	1x1
	1
	-2.1
	-5
	-6.8

	2
	EPA1
	2x1
	1
	-4
	-6.1
	-7.9

	3
	ETU1
	1x1
	1
	-1.9
	-5.3
	-7.4

	4
	ETU1
	2x1
	1
	-4
	-6.1
	-7.8




4. Conclusion 

In this contribution, we provided simulation results to show the BLER performance for NPBCH.

Observation  1:  Similar performance can be got under EPA-1Hz and ETU-1Hz.
Observation 2: As for NPDCCH of 1% BLER test cases, the target SNR can be as low as -12dB. For NPBCH achieving the same level of BLER, when considering the impairment factors, there can be a nearly 5dB SNR gap even when the acquisition time is hypothesized to be as long as 3 TTIs.

Proposal:   Further discussion is recommended on the TTI design of NPBCH.
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