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1
Introduction
In RAN1#84b, the following two candidate waveforms for PRACH are proposed for eLAA [1].
· Repetitions of the contiguous 6-PRB preamble (as in legacy LTE) in frequency domain [2]
· Repetitions of the BIFDM-based preamble in time domain [3]
The eLAA PRACH proposals are discussed in more detail in our companion contribution [4]. In this contribution, we evaluate and compare the timing estimation performances of both proposed eLAA PRACH waveforms under various conditions.
2
Simulation assumptions
Two candidate PRACH waveforms are evaluated:
· Approach 1: Two repetitions of the contiguous 6 PRB preamble in frequency domain [2]. The bandwidth of the subcarrier for the preamble is 1250 Hz. The length of ZC sequence is 839.
· Approach 2: Thirteen repetitions of the BIFDM-based preamble in time domain [3]. The bandwidth of the subcarrier for the preamble is 15 kHz. The length of ZC sequence is 113.
Other simulation assumptions are listed in Table 1.
Table 1: Simulation Assumption

	Parameters
	

	System bandwidth
	20 MHz

	Carrier frequency
	5 GHz

	Noise/Interference
	Gaussian

	Channel model
	EPA (3 km/h), EVA (60 km/h)

	Propagation delay
	Uniformly distributed in 0~200 Ts (0~6.5 μs)

	Number of transmitter antennae
	1

	Number of receiver antennae
	1

	ZC sequence length
	839 / 113 (BIFDM)

	Root
	Random

	Subcarrier bandwidth for preamble
	1250 Hz / 15 kHz (BIFDM)

	Preamble length
	0.8 ms / 66.7 μs (BIFDM)

	Sample rate
	30.72 MHz

	Simulation iteration
	1000


3
Simulation results on timing estimation

3.1 Impact of Gaussian interference

Figure 1 shows the CDF of the timing estimation error under different SNR values. Only a single preamble is transmitted in PRACH. The interference between coexisting preambles in PRACH is not considered. The multi-path propagation model is set to EPA. From the simulation result, it can be observed that the timing estimation error of “contiguous waveform” is not sensitive to the Gaussian interference/noise. 
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Figure 1: Timing estimation comparison in case of different Gaussian interference level, EPA channel
Observation 1: Both PRACH waveforms are not sensitive to Gaussian interference for timing estimation.
3.2 Impact of multi-path propagation
Figure 2 shows the CDF of the timing estimation error under different multi-path propagation models. For EPA model, the velocity of UEs is set to 3 km/h. For EVA model, it is set to 60 km/h. Only a single preamble is transmitted in PRACH. The interference between coexisting preambles in PRACH is not considered. The SNR is set to -10 dB. The contiguous preamble shows better performance than interlaced preamble for multi-path propagation.
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Figure 2: timing estimation comparison in case of different channel conditions
Observation 2: The BIFDM-based preamble has larger timing estimation error than the contiguous preamble for multi-path propagation scenarios.
4
Simulation results on multiplexing capacity of preambles
Figure 3 shows the CDF of the timing estimation error under multiple interfering preambles with different root sequences coexisting in PRACH. The roots of ZC sequence are chosen randomly. The multi-path propagation model is EPA. The SNR without the interference from other preambles is set to -10 dB. The received power of each preamble is assume to be the same.
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Figure 3: timing estimation under multiple interfering preambles with different root sequences
Observation 3: The BIFDM-based preamble cannot perform well when there exist multiple preambles with different root sequences. It reduces the multiplexing capacity for the BIFDM-based preamble.
Figure 4 shows the CDF of the timing estimation error under multiple preambles with the same root sequence but different cyclic shifts coexisting in PRACH. The cyclic shift in ZC sequence is equivalent to the distance between autocorrelation peaks in time domain. There are two interfering preambles. The peaks of autocorrelation from interfering ones are located before and after the desired one with 9us or 12us offset. The multi-path propagation model is EPA. The SNR without the interference from other preambles is set to -10 dB. The received power of each preamble is assume the same.
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Figure 4: timing estimation error under multiple preambles with the same root sequence but different cyclic shifts
Observation 4: The BIFDM-based preamble cannot perform well when there exist multiple preambles with close cyclic shift (same root sequence). It reduces the multiplexing capacity for the BIFDM-based preamble.
5
Conclusion
In this contribution, we present the simulation results of two different eLAA PRACH approaches. The following observations are made.
Observation 1: Both PRACH waveforms are not sensitive to Gaussian interference for timing estimation.
Observation 2: The BIFDM-based preamble has larger timing estimation error than the contiguous preamble for multi-path propagation scenarios.
Observation 3: The BIFDM-based preamble cannot perform well when there exist multiple preambles with different root sequences. It reduces the multiplexing capacity for the BIFDM-based preamble.
Observation 4: The BIFDM-based preamble cannot perform well when there exist multiple preambles with close cyclic shift (same root sequence). It reduces the multiplexing capacity for the BIFDM-based preamble.
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