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1. Introduction
In the last RAN1#72 meeting, we provided the initial simulation results of PRACH repetition for coverage improvement in [1]. It was observed that 800 times repetition brings 16.6dB gain. In this contribution, we provide our further evaluation results and analysis. A new PRACH design for TDD coverage improvement is also proposed. 
2. Performance of PRACH with time domain repetition
The preamble format 2 is repeated in the time domain in our simulation as illustrated in Figure 1. 
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Figure 1.  Illustration of PRACH repetition
The link-level simulation results of PRACH with different repetition times are shown in Figure 2. The detailed simulation assumptions are listed in Table 1 in Appendix. Compared with the simulation assumptions in our previous contribution [1], two changes are made: 
1) The repetition times of a PRACH  within a radio frame is increased from 1 to 2; 
2) The received PRACH  duplicates are combined after correlation rather than before correlation. 
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Figure 2.  Performance of PRACH with different repetition times
From Figure 2, it is observed that with 200 times repetition, about 20.7dB gain can be obtained over no repetition indicating the coverage improvement target, i.e. 20dB, has been fulfilled.
Observation 1: 200 times repetition can achieve the PRACH coverage improvement target.
It is observed that the PRACH performance has been greatly improved compared with our initial simulation results in [1]. One reason is the increased repetition times within a radio frame decrease the transmission time of preamble sequence duplicates which depress the Doppler and frequency error impact. The other reason is that combination after correlation can reduce the negative impact on combination caused by Doppler and frequency error. So it is important to transmit preamble sequence duplicates in a short time.
Observation 2: It is important to transmit preamble sequence duplicates in a short time.
Based on the evaluation results and analysis, we have the following proposal:

Proposal 1: Adopt time domain repetition to improve PRACH coverage performance.
3. New PRACH design for covervage improvement

For the PRACH repetition illustrated in Figure 1, it is obvious that the resources occupied by CP will increase along with the PRACH repetition times so that the resource efficiency is reduced. Additionally, the preamble duplicates will be transmitted in a longer time. For FDD, a new PRACH format can be considered with a longer sequence part which contains more preamble sequences. However, it is not applicable for TDD due to the discontinious uplink transmission. In order to reduce the CP overhead, we provide a new PRACH design for TDD shown in Figure 3. 
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Figure 3.  New PRACH design
For new PRACH, the CP signal is only transmitted once in the first part and the latter consists of duplicate sequences only. The saved resources for CP transmission can be used to transmit more preamble sequences. Under the same assumptions in our simulation, the new PRACH in 178 half-frames can repeat the preamble sequence 200 times, so the physical resources consumption is reduced about 11%. For other preamble formats whose CP length accounts for higher percentage, the new PRACH design would bring more benefits. Furthermore, since the preamble sequence duplicates are transmitted in a shorter time, the negative impact caused by Doppler and frequency error will be further depressed so that the required repetition times can be reduced more. Hence, we propose:
Proposal 2: The new PRACH design in Figure 3 can be considered for TDD. 
4. Conclusion

In this contribution, we give our further evaluation results of PRACH for coverage improvement and provide a new PRACH for TDD. Based on the results and the analysis, we have the following observations and proposals:

Observation 1: 200 times repetition can achieve the PRACH coverage improvement target.
Observation 2: It is important to transmit preamble sequence duplicates in a short time.
Proposal 1: Adopt time domain repetition to improve PRACH coverage performance.
Proposal 2: The new PRACH design in Figure 3 can be considered for TDD. 
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Appendix
Table 1: Simulation assumptions of PRACH repetition
	Parameter
	Value

	System bandwidth
	10MHz

	Frame structure
	TDD, UL-DL configuration 0

	Carrier frequency
	2.6GHz for TDD

	Antenna configuration
	1x8, low correlation for TDD

	Channel model
	EPA

	Doppler shift
	1Hz

	Frequency error
	100Hz

	Preamble Format
	2

	False alarm probability
	0.1%

	Performance target
	1%  miss detection probability
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