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1 Introduction

The details of candidate waveform schemes for eLAA PRACH transmission in one subframe are discussed in the companion contribution [1]: 
· Scheme 1: repetition of preamble format 0 in frequency domain.
· Scheme 2: repetition of DMRS symbol in time domain with interlaced RB mapping.

· Option 1: the CP length is one symbol and the preamble length is 12 times of one symbol.
· Option 2: the CP length is 13 times of NCP length and the preamble length is 13 times of one symbol.
· Scheme 3: structure of preamble format 0 in time domain with interlaced RB mapping.

In this contribution, the performances of the above PRACH waveform schemes are evaluated. 
2 PRACH evaluation 
The metrics of PRACH evaluation include the false alarm probability and the miss detection probability, where the miss detection performance shall be obtained in condition of keeping the false alarm probability less than or equal to 0.1%. In this evaluation, the false alarm includes the erroneous detection of one preamble when the input is noise or detecting different preamble than the one that was sent, the miss detection includes not detecting a preamble at all or correct preamble detection but with the wrong timing estimation. A timing estimation error occurs if the difference between the estimated timing and the ideal timing is larger than 2.08us.
Specific assumptions for different schemes are listed in Table 1 and common simulation assumptions are provided in Table 2 in appendix.
Table 1 Specific assumptions

	Parameter
	Scheme 1
	Scheme 2
	Scheme 3

	
	
	Option 1
	Option 2
	

	Frequency resource
	24 RBs (4 legacy PRACHs)
	10 RBs in one interlace
	10 RBs in one interlace
	10 RBs in one interlace

	Time resource for preamble
	24576∙Ts
	24576∙Ts            (12 symbols)
	26624∙Ts            (13 symbols)
	24576∙Ts

	Transmit power density
	4
	10
	10
	10

	Preamble
	ZC sequence of length 839 
	ZC sequence of length 120 with cyclic shift of 12
	ZC sequence of length 120 with cyclic shift of 12
	ZC sequence of length 1200 with cyclic shift of 120

	Number of PRACH multiplexing in one base sequence
	11
	2
	2
	12

	Root number
	6
	32
	32
	6

	Root index
	129,710,140,699,120,719
	1~32
	1~32
	1~6

	Cyclic shift
	76 of 839
	6 of 12
	6 of 12
	10 of 120

	Search window
	72.5 us
	33.3 us
	33.3 us
	66.7 us


The evaluation results with the assumed assumptions are shown in Figure 1 and it is observed:

Observation: 
· Scheme 1 of transmitting 4 copies of legacy preamble in frequency domain shows the worst miss detection performance due to the limited transmission power.
· Scheme 2 of repetition of DMRS symbol in time domain with interlaced RB mapping shows the worst false alarm performance as the receiver attempts a large number of root sequences for preamble detection. 
· Scheme 3 of structure of preamble format 0 in time domain with interlaced RB mapping shows the best miss detection performance.
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Figure 1 Performances of candidate PRACH waveforms
3 Conclusion
In this contribution, the performances of the candidate PRACH waveform schemes are evaluated and it is observed:

Observation: 
· Scheme 1 of transmitting 4 copies of legacy preamble in frequency domain shows the worst miss detection performance due to the limited transmission power.
· Scheme 2 of repetition of DMRS symbol in time domain with interlaced RB mapping shows the worst false alarm performance as the receiver attempts a large number of root sequences for preamble detection. 
· Scheme 3 of structure of preamble format 0 in time domain with interlaced RB mapping shows the best miss detection performance.
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Appendix
Table 2 Common simulation assumptions
	Parameter
	Value

	Carrier frequency
	5 GHz

	System bandwidth
	20 MHz

	Channel model
	ETU

	UE velocity
	3 km/h

	Antenna configuration
	1Tx(UE), 2Rx(eNB)

	Antenna correlation 
	Uncorrelated

	Preamble delay
	0, 10 or 20 microseconds








