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1	Introduction
The design of NB-IoT channels has almost completed in RAN1/RAN2 [1][2][3].  RAN4 shall start the specification work for NB-IoT performance.  
This contribution provides initial study on NPRACH performance with NPRACH simulation results.

2	Overview of NPRACH
As defined in RAN1 [1], NPRACH is a preamble based channel with single tone (3.75kHz).  The NPRACH symbol groups are frequency hopped.
Based on [3], NPRACH can be configured with these parameters and these parameters can take these values:
nprach-Periodicity	40, 80, 160, 240, 320, 640, 1280, 2560
nprach-SubcarrierOffset	0, 12, 24, 36, 2, 18, 34
nprach-NumSubcarriers	12, 24, 36, 48
nprach-NumRepetitions	1, 2, 4 ,8, 16, 32, 64, 128
nprach-StartTime	8, 16, 32, 64, 128, 256, 512, 1024

3	NPRACH performance evaluation
NPRACH is used by NB-IoT UE for unscheduled uplink transmission to request network access from one NB-IoT eNB, and eNB also uses NPRACH signal to estimate arrival time for uplink timing control.  Like legacy LTE PRACH, there are two performance considerations to define NPRACH performance:
i) Missed detection rate, with a target false alarm rate;
ii) UL timing accuracy.
The first requirement defines the acceptable PRACH detection performance.  From legacy LTE requirements, the missed detection rate shall be <=1% and the target false alarm rate shall be <=0.1%.
For the second requirement, legacy PRACH requirements define a timing estimation error when the timing error >1.04us for AWGN or the timing error >2.08us for ETU70.  .  The typical timing error rate for LTE PRACH is usually very small (below 1e-3) duo to the 1MHz PRACH bandwidth.  However, the ToA estimation must be considered together with the NPRACH detection performance because of the reduced BW of single-tone NPRACH.  The detection performance will impact the quality of timing estimation.
Unlink legacy LTE’s PRACH, NPRACH uses frequency hopping single tone preamble.  The ToA timing estimation shall be based on the frequency hopping distance by design.  The ToA estimation, in general, is an implementation issue that may not need specific performance specification.  However, NPRACH detection performance strongly impacts the quality of ToA estimation.  
Note that the minimum CP length of NPUSCH is 4.7us (~5us) with subcarrier spacing of 15kHz.  To support NPUSCH, the maximum time estimation error =2.5us (as half CP length).  We also set the target probability of timing estimation error rate defined as   We shall investigate the ToA timing estimation performance with a limit of maximum time estimation error.
3.1	NPRACH performance impact with various timing error probability, with NumRepetitions=2
Figure 1 illustrates the NPRACH detection performance with nprach-NumRepetitions=2, and ToA time estimation performance with various timing estimation errors (2.5us, 5us, and 10us).
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[bookmark: _Ref450749079]Figure 1    NPRACH detection performance with AWGN channel
The NPRACH detection results indicates that the missed detection rate will impact the timing error probability.  From Figure 1, with 1% missed detection rate, the required SNR=-2.5dB, and the timing error probabilities are
· Above 20% for =2.5us, indicating there is 20% chance that estimated ToA error will exceed 2.5us.
· ~3.8% for =5us
· ~1.6% for =10us
There is significant gap between NPRACH detection performance and ToA estimation performance.
Similar trend on NPRACH detection performance can be observed for TU1 performance, shown in Figure 2.  With 0.1% false alarm rate and 1% missed detection rate, the required SNR is 6dB. The related timing error probabilities at SNR=6dB are
· ~8% for  =2.5us
· ~1% for =5us
· <1% for =10us
For maximum timing error > 5us, the ToA estimation performance is similar to that NPRACH detection performance of 1%.  When the maximum timing error is set to 2.5us, the ToA estimation performance flattens due to the TU channel’s delay spread.
Based on results shown in Figure 1 and Figure 2, we can observe that:
Observation 1:	Significant gap between NPRACH detection performance and ToA timing estimation performance can be observed.  When the maximum timing error is set to 2.5us, the timing error probability is much higher than the NPRACH detection probability.
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[bookmark: _Ref450766645]Figure 2    NPRACH detection performance with TU1 channel
3.2	NPRACH performance with NumRepetitions=32, 128
When the repetition number is increased to 32 and 128, the performance gap between missed detection rate and ToA estimation probability still exists, when 2.5us is used as the maximum timing error.  The results of NumRepetitoins=32 and NumRepetitions=128 are shown in Figure 3 and Figure 4, respectively.
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(a) NumRepetitions=32
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(b) NumRepetitions=128


[bookmark: _Ref450768460]Figure 3    NPRACH detection performance and ToA estimation performance (AWGN channel)
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(a) NumRepetitions=32
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(b) NumRepetitions=128


[bookmark: _Ref450768462]Figure 4    NPRACH detection performance and ToA estimation performance (TU1 channel)
From these two figures, we can observe that:
Observation 2:	With higher repetition number 32 and 128, the performance gap between NPRACH detection and NPRACH ToA estimation performance is still significant when the maximum timing error=2.5us.
3.3	Summary of NPRACH detection/ToA estimation performance
The NPRACH detection performance and ToA estimation performance are summarized in Table 1 and Table 2 for AWGN channel and TU1 channel, respectively, for all possible NPRACH repetition numbers.  Please note that Pmd is the missed detection rate, Pte is the ToA estimation error with various timing accuracy limits (2.5us, 5us, and 10us).  The SNR difference at Pmd=1% and Pte=1% are also listed in the two tables.
[bookmark: _Ref450770107]Table 1    Summary detection/ToA estimation performance (AWGN)
	# repetitions
	Pmd=1%
	Pte=1%
	Pte – Pmd

	
	
	2.5us
	5us
	10us
	2.5us
	5us
	10us

	1
	-0.65
	10.69
	4.8
	1.65
	11.34
	5.46
	2.31

	2
	-2.66
	4.07
	-1.12
	-2.62
	6.73
	1.54
	0.04

	4
	-4.74
	0.58
	-0.51
	-2.25
	5.32
	4.23
	2.49

	8
	-6.75
	-2.32
	-3.88
	-6.2
	4.44
	2.87
	0.55

	16
	-8.68
	-4.64
	-7.08
	-8.75
	4.04
	1.6
	-0.07

	32
	-10.29
	-6.75
	-9.28
	-10.51
	3.54
	1
	-0.22

	64
	-12.04
	-8.86
	-11.03
	-12.65
	3.17
	1.01
	-0.61

	128
	-13.7
	-10.79
	-12.88
	-14.36
	2.91
	0.82
	-0.66



[bookmark: _Ref450770109]Table 2    Summary detection/ToA estimation performance (TU1)
	# repetitions
	Pmd=1%
	Pte=1%
	Pte – Pmd

	
	
	2.5us
	5us
	10us
	2.5us
	5us
	10us

	1
	7.33
	
	12.05
	6.83
	
	4.72
	-0.5

	2
	5.21
	
	5.33
	0.44
	
	0.12
	-4.78

	4
	3.1
	
	4.78
	1.68
	
	1.69
	-1.42

	8
	1.18
	
	1.66
	-3.41
	
	0.47
	-4.59

	16
	-0.72
	
	-2.15
	-6.14
	
	-1.43
	-5.42

	32
	-3.6
	6.27
	-4.39
	-8.87
	9.87
	-0.8
	-5.28

	64
	-6.34
	-2.2
	-7.96
	-10.14
	4.14
	-1.62
	-3.8

	128
	-9.87
	-7
	-10.58
	-12.91
	2.87
	-0.71
	-3.04



It can be observed that performance gap between detection and ToA estimation exists for various repetition numbers.  However, the gap is more significant with low repetition numbers.  Compared to AWGN performance, the TU1 performance shows smaller gap.  For 2.5us timing limits, both channels show significant performance gap between detection and ToA estimation; and for TU1 channel at low repetition numbers, the ToA estimation performance cannot reach 1% with the 2.5us timing limits.
Observation 3:	For TU1 channel at low repetition numbers (<=16), the ToA estimation performance cannot reach 1% with the 2.5us timing limits.
4	Summary and Discussions
NPRACH simulation results are provided to evaluate detection performance and ToA estimation performance.  We use LTE legacy PRACH performance criterion as the basis to evaluate NPRACH performance, where the target missed detection rate is 1% with false alarm rate of 0.1%.  From these simulation results under AWGN and TU1 channels, we can observe that
Observation 1:	Significant gap between NPRACH detection performance and ToA timing estimation performance can be observed.  When the maximum timing error is set to 2.5us, the timing error probability is much higher than the NPRACH detection probability.
Observation 2:	With higher repetition number 32 and 128, the performance gap between NPRACH detection and NPRACH ToA estimation performance is still significant when the maximum timing error<=2.5us.
Observation 3:	For TU1 channel at low repetition numbers (<=16), the ToA estimation performance cannot reach 1% with the 2.5us timing limit.
Based on these observations, it would be hard to reach ToA estimation error 1% with 2.5us timing limit with the NPRACH detection performance target (1% missed detection rate and 0.1% false alarm rate), under AWGN and TU1 channel with various repetition numbers.    Further study is needed to ensure proper NPRACH performance requirements with balanced NPRACH detection and ToA time estimation performance.  The detailed discussion on simulation assumptions is in our companion paper [4].
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