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1
Introduction
RAN4#79AH and RAN4#80 discussed the NPRACH demodulation requirements and we agreed with the further study is needed to specify the NPRACH demodulation requirement [1].
Table 1 shows the simulation parameter used for the investigation of NPRACH detection rate, which is based on [1]. 
Table 1
Simulation parameter for NPRACH performance requirements.
	Parameters
	Value

	Preamble format 
	0

	Number of repetitions
	8, 32

	Number of subcarriers
	12

	Antenna configuration
	1 x 2

	Cell ID
	0

	NPRACH signature
	0

	Frequency offset
	0 Hz for AWGN, [200] Hz for EPA1 

	Propagation channel
	AWGN, EPA1


RAN4#80 discussed three options for NPRACH demodulation result: 

· Option 1: Missed detection probability <=1%, including: detecting different preamble than the one that was sent, not detecting a preamble at all, or detecting the correct preamble detection but with the wrong timing estimation. 

· Option 2: Pmd<=1%, and Pte<=1%, where Pmd includes: detecting different preamble than the one that was sent, or not detecting a preamble at all.

· Option 3: Other options are not excluded. 

Regarding the timing error limit, there are three options:

· Option 1: 2.5us

· Option 2: 5us

· Options Other options (such as 3.125us) are not excluded

In this contribution we show our simulation result and discuss the metric for NPRACH demodulation requirements. 

2
Simulation results
2.1
AWGN
Figure 1 shows the simulation result for AWGN with 8 repetitions and 32 repetitions. Opt1 means the missed detection probability including detecting different preamble than the one that was sent, not detecting a preamble at all, or detecting the correct preamble detection but with the wrong timing estimation. If we define Pmd as a probability of NPRACH preamble missed detection, and Pte as a timing estimation error probability, Opt1 metric is given by Pmd+(1-Pmd)*Pte. According to the way forward, we have evaluated with ToA= +/-2.5us and +/-5.0us. 
Opt2 Pmd means the missed detection probability detecting different preamble than the one that was sent, or not detecting a preamble at all, but it does not consider the ToA error. Opt2 (1-Pmd)*Pte is the probability of the timing estimation is outside +/-2.5us and +/-5.0us. Note that the precondition of timing estimation is to detect the preamble.  
From the results of Option 2, it is observed that in lower SNR, the Pmd is dominant, however, Pte becomes dominant as SNR level is increased. 
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Figure 1
Detection error rate for AWGN.
2.2
EPA1

Figure 2 shows the simulation result for EPA1 with 8 repetitions and 32 repetitions. Unlike AWGN, it is observed that Pmd is dominant regardless of the SNR levels. 
[image: image3.emf]-6 -4 -2 0 2 4 6

SNR [dB]

10

-4

10

-3

10

-2

10

-1

10

0

E

r

r

o

r

 

r

a

t

e

NPRACH EPA1 1x2, Rep8

Opt1, Pmd+(1-Pmd)*Pte, ToA=2.5us

Opt1, Pmd+(1-Pmd)*Pte, ToA=5.0us

Opt2, Pmd only

Opt2, (1-Pmd)*Pte, ToA=2.5us

Opt2, (1-Pmd)*Pte, ToA=5.0us

[image: image4.emf]-8 -7 -6 -5 -4 -3 -2 -1 0 1 2

SNR [dB]

10

-3

10

-2

10

-1

10

0

E

r

r

o

r

 

r

a

t

e

NPRACH EPA1 1x2, Rep32

Opt1, Pmd+(1-Pmd)*Pte, ToA=2.5us

Opt1, Pmd+(1-Pmd)*Pte, ToA=5.0us

Opt2, Pmd only

Opt2, (1-Pmd)*Pte, ToA=2.5us

Opt2, (1-Pmd)*Pte, ToA=5.0us


Figure 2
Detection error rate for EPA1. 
3
Discussion

The existing LTE PRACH requirement metric is same as Option 1, that is given by Pmd + (1-Pmd) * Pte, where Pte is the timing estimation error probability assuming +/-1.04us for AWGN and +/-2.08us for the fading channel. In our investigation, LTE PRACH is robust on the timing estimation, and therefore we can ignore the impact due to Pte. This means Pte ≈ 0.0. 
On the other hand, it is observed that NB-IoT NPRACH timing estimating error becomes larger than Pmd for some channel condition. However, we don’t see any reason to specify the requirements for Pmd and Pte separately. That means we should reuse the same criteria as LTE PRACH.
Proposal 1: NPRACH performance requirement should be specified with the NPRACH missed detection probability <=1%, including: detecting different preamble than the one that was sent, not detecting a preamble at all, or detecting the correct preamble detection but with the wrong timing estimation. 
Proposal 2: Timing estimation error criteria is set to [2.5]us for AWNG and [2.5]us for fading channel. 
4
Conclusion
Proposal 1: NPRACH performance requirement should be specified with the NPRACH missed detection probability <=1%, including: detecting different preamble than the one that was sent, not detecting a preamble at all, or detecting the correct preamble detection but with the wrong timing estimation. 
Proposal 2: Timing estimation error criteria is set to [2.5]us for AWNG and [2.5]us for fading channel. 
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Appendix

A.1
ETU1

For reference, we provide the simulation results with ETU1 as shown in Figure 3. 
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Figure 3
Detection error rate for ETU1.
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