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Introduction
In this contribution, we evaluate the link level performance of PRACH detection and timing estimation. To meet the 80% occupied channel bandwidth (OCB) regulation, interlaced structure has been agreed for PUSCH. On the other hand, the ETSI BRAN harmonized standards allows a device to operate temporarily with an OCB below 80% of its nominal channel bandwidth with a minimum of 4 MHz during an established communication [1]. In the current up-to-date draft version of the harmonized standards, the allowed temporal operation bandwidth has been lowered to 2 MHz mainly to accommodate the IEEE 802.11ax OFDMA scheduling mode. We evaluate both the interlace allocation (same as PUSCH) and the continuous RB allocation (exploiting the regulation of temporary transmission with at least 2 MHz) for PRACH in this contribution. The simulation assumptions are summarized in Appendix.
PRACH Preamble Detection
As shown in Figure 1, the PRACH preamble misdetection probability with interlace allocation can achieve 1% misdetection probability for SNR at about -5dB for both EPA and EVA channels. The continuous RB allocation has similar performance as interlace allocation in EVA channel. In EPA-5Hz channel, the performance of interlace allocation is slightly better than continuous RB allocation in certain SNR region, since the interlace allocation benefits from the frequency diversity.
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a) [bookmark: _Ref447223055]EPA-5Hz                                                                        b)   EVA-50km/h
[bookmark: _Ref450743976]Figure 1. Performance illustration of PRACH preamble detection.
Observation 1: The SNR required for PRACH preamble misdetection probability of 1% is about -5dB for interlaced waveform with 2-symbol duration, while the SNR required for PRACH preamble misdetection probability of 1% is about -3dB for continuous RB allocation.
PRACH Timing Estimation
Correlation Profile 
To begin with, we compare the correlation profiles of continuous RB allocation and interlace allocation in Figure 2. We observe that the continuous RB allocation has a quite sharp peak, while the interlace allocation has multiple peaks whose values are close to the strongest peak. The multi-peak property of interlace allocation may result in ambiguity in timing estimation, as elaborated in the following subsection.
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a) Continuous RB allocation
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b) Interlace allocation
[bookmark: _Ref450744262]Figure 2. Correlation profiles of continuous RB allocation and interlace allocation.

Timing Estimation Results
Figure 3 shows the CDF of timing estimation error with PRACH of continuous RB allocation and interlace allocation. The continuous RB allocation provides much better timing estimation accuracy than the interlace allocation, thanks to its nicer correlation property compared to the interlace allocation as illustrated in Figure 2. Similar observations can be made in Figure 4, which illustrates the average absolute timing estimation error at different SNRs.
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a) EPA-5Hz                                                                    b)   EVA-50km/h
[bookmark: _Ref450747572]Figure 3. CDF of timing estimation error at SNR = -6dB for actual delay = 5 μs.
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a) [bookmark: _Ref450750054]EPA-5Hz                                                                   b)   EVA-50km/h
[bookmark: _Ref450807825]Figure 4. Average absolute timing estimation error.

Observation 2: The continuous RB allocation provides substantially better timing estimation accuracy, compared to interlace allocation. 
Conclusion
In this contribution, we evaluated the PRACH detection and timing estimation performance, and made the following observations. Based on these observations, we propose detailed PRACH design in contribution [2].
Observation 1: The SNR required for PRACH preamble misdetection probability of 1% is about -5dB for interlaced waveform with 2-symbol duration, while the SNR required for PRACH preamble misdetection probability of 1% is about -3dB for continuous RB allocation.
Observation 2: The continuous RB allocation provides substantially better timing estimation accuracy, compared to interlace allocation. 
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Appendix
Table 1. Simulation Assumptions 
	Comments
	Parameters
	 Values

	Simulation setup
	Carrier frequency
	5GHz

	
	System bandwidth
	20MHz

	
	Number of transmitter antennas
	1

	
	Number of receiver antennas	
	2

	
	Channel model
	EPA-5Hz, EVA-50km/h 

	
	Interlace allocation
	10 PRBs equidistantly allocated in frequency domain (e.g. RBs 1, 11, 21, …, 91).

	
	Continuous RB allocation
	10 PRBs continuously allocated in frequency domain (e.g. RBs 1, 2, …, 10).

	
	Subcarrier spacing
	7.5kHz

	
	PRACH duration
	CP of 14.58 μs + sequence duration of 133.33 μs + GT of 9.38 μs
(same as legacy PRACH format 4)

	
	Delay
	5 μs

	
	Targeting false-alarm probability
	0.1/64% 

	Key performance metrics
	Misdetection probability: The probability that the UE transmits PRACH, but eNB detects that the UE of interest does not transmit PRACH.

	
	CDF of timing estimation error at SNR = -6dB, with exact delay of 5μs.

	
	Average absolute timing estimation error.
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