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1 Introduction
In this contribution we analyze the testing methodology and the test reference values for the PRACH.
2 Testing methodology
We consider the testing methodology to check the PRACH transmitted signal quality. In [1], section 6.5.2, the transmit modulation quality for the expected in-channel RF transmissions from the UE is specified in terms of an Error Vector Magnitude (EVM) transmit signal quality, an I/Q component and an in-band emissions for the non-allocated RB.

As indicated in [1], section 6.5.2.1, the Error Vector Magnitude is a measure of the difference between the reference waveform and the measured waveform. The EVM result is defined after the front-end IDFT as the square root of the ratio of the mean error vector power to the mean reference power expressed as a percentage (%).
In Figure 1, we indicate the PRACH signal quality measurements used in the following: 

· The PRACH EVM

· The PRACH detection margin

The PRACH detection margin can be used to validate the PRACH EVM test requirements assumption.
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Figure 1: Testing methodology schematic
2.1 PRACH EVM definition
As indicated in the [1], section 6.5.2.1, the measured waveform should be compensated in terms of:

1. Sampling timing and RF frequency offset. 
2. IQ DC offset 
before calculating the EVM. 

The figure shows the PRACH signal envelope after front-end IDFT plotted on complex axis.
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Figure 2: PRACH signal after front-end IDFT Zooming in a part of the circle
[image: image3.jpg]PRACH signal after front-end TIFT

expested ZC sequence

0.2

0,15

stshlee A3 Hotad

0,05

0.3

0.25

0.2

0.15

0.1




Figure 3: Zoom of PRACH signal after front-end IDFT

As shown in the Figure 4, the EVM is computed as the Error Vector Magnitude between the reference known ZC sequence and the received PRACH sequence:


[image: image4]
Figure 4: Graphical representation of EVM

The minimum requirement specified in [1], Table 6.5.2.1.1-1, as the RMS average of the basic Error Vector Magnitude measurements over 10 consecutive sub-frames is defined for the QPSK modulation to be maximum equals to 17.5%. 
2.2 PRACH detection margin
The detection margin of the PRACH is computed after the PRACH sequence detection step. We consider the cross correlation between the known ZC sequence and the received PRACH sequence. The main peak indicates the correct timing of the ZC sequence while the secondary peaks indicate cross-correlation peaks due to noise and other non-idealities. The PRACH detection margin can be defined as the ratio between the main peak (correlation) and the stronger secondary peak.
The PRACH detection margin can be easily associated to the system performance and in particular to the PRACH miss detection rate. The detection margin can be used to check the impact of the PRACH signal quality and of the corresponding EVM test requirements on the system performance.
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Figure 5: Cross-correlation between received PRACH and expected ZC sequence
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Figure 6: Zoom of cross-correlation function between received PRACH and expected ZC sequence
The EVM minimum requirement specified in [1], Table 6.5.2.1.1-1, can be associated to the corresponding detection margin (expressed in dB). The basic EVM measurement interval is one sub-frame in the time domain and for the PRACH we measure the EVM on 1 preamble.
The following table shows the measured PRACH EVM and the corresponding detection margin assuming EVM degradation due to AWGN only.
	EVM

(%)
	Detection margin.

(dB)

	0.6
	64

	1
	60

	2.7
	52

	8
	42

	14
	37

	17.5
	35

	26
	30


Table 1: PRACH EVM and corresponding detection margin 
Assuming the maximum EVM requirement equals to 17.5%, the corresponding detection margin is equal to 35dB. Such detection margin is good enough to have a limited and acceptable impact on the PRACH miss detection rate.
3 Conclusion

The PRACH signal quality requirements have not been defined yet and shall be discussed further. Considering the PRACH detection margin duality with the EVM, we suggest to generalize the QPSK EVM requirement=17.5% to the PRACH as well. 
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