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1
Introduction
RAN4#79 discussed the NPRACH demodulation requirements [1]

 REF _Ref453675937 \r \h 
[2], and we agreed with the further study is needed to specify the NPRACH demodulation requirement [3]. In this contribution we discuss the NPRACH demodulation requirements based on our simulation results. 
LTE PRACH performance requirements [4] consist of two requirements: PRACH false alarm probability and PRACH detection probability. The false alarm probability is the probability of erroneous detection of PRACH preamble when no signal is transmitted from the LTE UE. The PRACH detection probability is specified as the conditional probability of correct detection of the preamble when the signal is present. According to [4], the detection error consists of (1) the detecting different preamble than the one that was sent, (2) not detecting a preamble at all or (3) correct preamble detection but with the wrong timing estimation. 

Unlike PRACH, the NB-IoT NPRACH preamble is transmitted on the single tone with 3.75 kHz and UE is identified with the tone position (frequency domain) instead of the ZC sequence. If we follow the same approach as LTE PRACH, we can revise the NPRACH detection requirements as the conditional probability consisting of:

1) Detection of different preamble (tone) other than the transmitted preamble (tone);  

2) Not detecting the preamble (tone) at all; 

3) Correct preamble (tone) detection but with the wrong timing estimation. (X [us] for fading and Y [us] for AWGN).

We don’t see any issue on the condition 1) and 2). For the condition 3, however, the existing LTE requirement specifies the timing error shall be 2.08us for fading channel and 1.04us for static channel with 99% of probability, but [1]

 REF _Ref453675937 \r \h 
[2] raised concern about this condition.  

2
Discussion
Table 1 shows the simulation parameter used for the investigation of NPRACH detection rate. For the NPRACH detection performance investigation, we set 2 repetitions for SNR = 14.2dB, 8 repetitions for SNR = 4.2dB, and 32 repetitions for SNR = -5.8/-2.8dB. Note these SNR levels correspond to MCL=144, 154, and 164dB with 23dBm UE maximum transmission power. The NPRACH detection rate is performed with three ToA limits, 2.35us, 3us, and 5us.
Table 1
Simulation parameter for NPRACH performance requirements.
	Parameters
	Value

	Preamble format 
	0

	Number of repetitions
	2 for SNR = 14.2dB, 8 for SNR = 4.2dB, 32 for SNR = -5.8/-2.8dB

	Number of subcarriers
	12

	Antenna configuration
	1 x 2

	Frequency offset
	50Hz

	Detection performance
	Missed detection rate with 0.1% of false alarm target

	Timing error limit (ToA)
	2.35us, 3us, 5us

	Propagation channel
	TU 1Hz, TU 50Hz
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Figure 1
NPRACH detection rate with different ToA requirement with different Doppler frequency.

Figure 1 shows the simulation results of NPRACH detection performance with 0.1% false alarm target. It is observed that it is impossible to achieve 99% of NPRACH detection rate if we use the same ToA limit used for LTE PRACH demodulation requirement (2.08us in the fading channel model). The possible way is to relax the ToA error and/or detection requirement. However as discussed in [1], the possible ToA limit would be 2.5us considering the minimum cyclic prefix value 4.6us, used for 15 kHz tone. Therefore we may also need to relax the NPRACH detection requirement from 99%. We propose to study further what is the possible ToA limit and detection probability for NPRACH demodulation requirements.
Observation: It is hard to satisfy 99% NPRACH detection rate with 0.1% false alarm target if ToA limit is set to 2.08us for fading channel. 

Proposal 1: NPRACH demodulation requirements should be specified with NPRACH false alarm probability and NPRACH detection probability. 

Proposal 2: NPRACH detection probability is defined as the combined probability of 1) Detection of different preamble other than the transmitted preamble; 2) Not detecting the preamble at all; and 3) Correct preamble detection but with the wrong timing estimation.
Proposal 3: NPRACH ToA estimation limit and/or NPRACH detection should be relaxed compared with LTE PRACH detection requirements, and RAN4 need further discussion what is the possible ToA estimation limit and acceptable detection probability. 
3
Conclusion
 Observation: It is hard to satisfy 99% NPRACH detection rate with 0.1% false alarm target if ToA limit is set to 2.08us for fading channel. 

Proposal 1: NPRACH demodulation requirements should be specified with NPRACH false alarm probability and NPRACH detection probability. 

Proposal 2: NPRACH detection probability is defined as the combined probability of 1) Detection of different preamble other than the transmitted preamble; 2) Not detecting the preamble at all; and 3) Correct preamble detection but with the wrong timing estimation.
Proposal 3: NPRACH ToA estimation limit and/or NPRACH detection should be relaxed compared with LTE PRACH detection requirements, and RAN4 need further discussion what is the possible ToA estimation limit and acceptable detection probability. 
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