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1. Introduction

In last RAN4 #81 meeting, an updated simulation assumptions for SI acquisition delay for NB-IoT was approved in [1], which can be found in the appendix section. In this contribution, further simulation result based the updated simulation assumptions are provided.
2. Simulation result
In our simulation “keep trying” is adopted. According to [1], MIB-NB/SIB1-NB/SIB2-NB acquisition delay = 99%-ile of the number of frames required to successfully decode the MIB-NB/SIB1-NB/SIB2-NB. Note that 1dB implementation margin is considered in the simulation.
2.1. MIB
The total decoding window length is W * MIB window length.
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Figure 1 MIB decoding BLER under enhanced coverage

Table 1 MIB decoding BLER 
	MIB

	SNR
	W = 1
	W = 2
	W = 3
	W = 4
	W = 5

	-6dB
	0.0033
	
	
	
	

	-12dB
	0.2896
	0.1062
	0.0357
	0.0141
	0.0046


As can be seen in Table 1 that under normal coverage, i.e., -6dB side condition, MIB can be successfully decoded with less than 1% BLER with single try. However, multiple tries are necessary to reach 1% BLER for MIB demodulation for a NB-IoT UE under enhanced coverage. According to simulation results in Table 1, 5 tries is required, which means about 3.2 seconds is needed for MIB acquisition.
2.2. SIB1
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Figure 2 SIB1 decoding BLER under enhanced coverage

Table 2 SIB1 decoding BLER 
	SIB1

	SNR
	W=1
	W=2
	W=4
	W=6
	W=8
	W=10
	W=14
	W=18

	-6dB
	0.017
	0
	
	
	
	
	
	

	-12dB
	0.8025
	0.6605
	0.423
	0.267
	0.175
	0.0955
	0.049
	0.011


As can be observed in Table 2, W = 2 can guarantee less than 1% BLER for SIB1 for UE under normal coverage. Meanwhile, about 18 tries are needed to reach 1% BLER for SIB1 demodulation under enhanced coverage, which corresponds to more than 46 seconds acquisition delay.
2.3. SIB2
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Figure 3 SIB2 decoding BLER under normal coverage
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Figure 4 SIB2 decoding BLER under enhanced coverage

Table 3 SIB2 decoding BLER 
	SIB2

	SIB2
	W=1
	W=2
	W=3
	W=4
	W=5
	W=6
	W=8
	W=9

	-6dB
	0.362
	0.2265
	0.128
	0.098
	0.0575
	0.0355
	0.0175
	0.001

	-12dB
	0.351
	0.1545
	0.055
	0.026
	0.009
	0.0065
	
	


From Table 3 one can see that for normal coverage 9 tries are needed. Meanwhile for enhanced coverage case, 5 tries are enough to reach 1% BLER. Note that in simulation result UE under normal coverage needs more tries than that of enhanced coverage. The reason is the SI window length for enhanced coverage is 6 times of normal coverage (960ms vs 160ms) in simulation assumption. Since the repetition patterns are the same. Thus for the case of 960ms SI window length, UE has longer time to combine the received signal. 
Then the total delay for SIB2 can be obtained:

· For normal coverage: 9 * 160ms = 1440ms

· For enhanced coverage: 7 * 960ms = 4800ms
2.4. Summary

In this section we briefly summary the results above in following table. 
Table 4 SI acquisition delay
	Normal coverage (SNR = -6dB)

	1% BLER
	MIB

(N*640ms)
	SIB1

(N*2560ms)
	SIB2

(N*160ms)
	Total delay

	W * window length
	W = 1
	W = 2
	W = 9
	7200ms

	Enhanced coverage (SNR = -12dB)

	1% BLER
	MIB

(N*640ms)
	SIB1

(N*2560ms)
	SIB2

(N*960ms)
	Total delay

	W * window length
	W = 5
	W = 18
	W = 5
	54080ms


3. Conclusions

In this contribution we provide simulation result based on the updated simulation assumption [1]. The summary of results is as follow
	Normal coverage (SNR = -6dB)

	1% BLER
	MIB

(N*640ms)
	SIB1

(N*2560ms)
	SIB2

(N*160ms)
	Total delay

	W * window length
	W = 1
	W = 2
	W = 9
	7200ms

	Enhanced coverage (SNR = -12dB)

	1% BLER
	MIB

(N*640ms)
	SIB1

(N*2560ms)
	SIB2

(N*960ms)
	Total delay

	W * window length
	W = 5
	W = 18
	W = 5
	54080ms
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5. Appendix
MIB-NB/SIB1-NB/SIB2-NB acquisition
	· MIB-NB TTI = 640ms

· SIB1-NB TTI = 2560ms

· SIB2-NB TTI is up to eNB scheduling

· Candidate algorithms to acquire MIB-NB/SIB1-NB/SIB2-NB

· Baseline: The “keep trying” decoder is definition is: The decoder simply “keeps trying” to decode the transmitted NPBCH frames until the decoder eventually gets lucky and decodes it correctly. With this solution there is a trade-off between coverage gain and decoding time (i.e. the number of decoding attempts). [Refer to R1-132908] 

· Other algorithms are not precluded

· MIB-NB/SIB1-NB/SIB2-NB acquisition delay =  99%-ile of the number of frames required to successfully decode the MIB-NB/SIB1-NB/SIB2-NB

· To obtain MIB-NB/SIB1-NB/SIB2-NB acquisition delay, companies are encouraged to provide CDF of MIB-NB/SIB1-NB/SIB2-NB acquisition time based on the simulation results in the following slides

· All the impairment margin such as DC leakage should be considered


Simulation assumption for MIB-NB
	
	Case 1
Normal coverage
	Case 2
Enhanced Coverage

	Number of NRS ports {1,2}
	2
	2

	Propagation channel
	EPA1
	EPA1

	Modulation
	QPSK
	QPSK

	Coding rate
	50/1600
	50/1600

	Payload (without CRC)
	34 bits
	34 bits

	Target SNRs
	-6dB
	-12dB


Simulation assumption for SIB1-NB acquisition in RRM test
	
	Case 1
Normal coverage
	Case 2
Enhanced Coverage

	Deployment mode
	In-band
	In-band

	Number of NRS ports {1, 2}
	2
	2

	Propagation channel 
	EPA1
	EPA1

	I_TBS {0/3/6/9} = {208/328/440/680bits}
	208bits
	208bits

	Repetition number {4 ,8, 16}
	16
	16

	Target SNRs
	-6dB
	-12dB


Simulation assumption for SIB2-NB acquisition in RRM test
	
	Case 1
	Case 2

	Deployment mode
	In-band
	In-band

	Number of NRS ports {1, 2}
	2
	2

	Propagation channel 
	EPA1
	EPA1

	TBS (si-TB-r13)
	208bits
	208bits

	Number of SF {1,2,…,8,10}
	8
	8

	Si-WindowLength(*)
	160
	960

	Si-RepetitionPattern (*)
	every2ndRF
	every2ndRF

	Target SNRs
	-6dB
	-12dB


(*) Refer to TS36.331 V.13.3.0 5.2.3a
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