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1. Introduction

In RAN1#87 meeting [1], we made agreements on RACH preamble design for NR.

	Agreements:
· Following options can be further considered for the consecutive multiple/repeated RACH preambles, 

· Option 1: CP is inserted at the beginning of the consecutive multiple/repeated RACH sequences, CP/GT between RACH sequences is omitted and GT is reserved at the end of the consecutive multiple/repeated RACH sequences

· Option 2: The same RACH sequences with CP is used and GT is reserved at the end of the consecutive multiple/repeated RACH sequences

· Option 3: The same RACH sequences with CP/GT is used
· Option 4: Different RACH sequences with CP is used and GT is reserved at the end of the consecutive multiple/repeated RACH sequences

· Option 5: Different RACH sequences with CP/GT is used
· For options 2 and 3, study further that the same RACH sequences with and without GT can be further multiplied with different orthogonal cover codes and transmitted.

· For example, the consecutive multiple/repeated RACH preambles would be used when Tx/Rx beam correspondence does not hold at TRP

· Other options are not precluded
· For a single RACH preamble transmission, CP/GT are required

· For example, the single RACH preamble would be used when Tx/Rx beam correspondence held at both TRP or UE for multi-beam operation

Agreements:
· The maximum bandwidth for a RACH preamble transmission is not wider than 5 MHz for a carrier frequency of below 6 GHz and not wider than X MHz for a carrier frequency ranging from 6 GHz to 52.6 GHz

· X will be down selected from 5, 10, and 20MHz

· At least, one reference numerology for RACH preamble is defined, 

· 1.25 x n kHz

· 15 x n kHz


In this contribution, we provide initial simulation results for RACH preamble and draw observations on RACH preamble transmission.
2. Simulation results
We provide initial results evaluating RACH preamble performance for 4 GHz and 30 GHz. RACH preamble structure used for evaluations is based on LTE PRACH format 0, to be specific, maintaining sequence length (i.e., 839-length ZC sequence) and enlarging sub-carrier spacing by multiples of 1.25 kHz. For instance, we evaluated 2.5 kHz and 10 kHz sub-carrier spacing for 4 GHz and 30 GHz, respectively, and the occupied bandwidth becomes wider proportional to sub-carrier spacing.
Regarding detection probability performance, SNR in the figure is defined as per tone SNR received on an antenna port. The requirements for false alarm probability and detection probability are set to less than 0.1 % and larger than 99 %, respectively. The threshold to judge wrong timing estimation is set to 2 usec for 1.25 kHz sub-carrier spacing case, and decreases inverse proportional to the sub-carrier spacing. Initial timing offset is set to 20 usec assuming 3 km cell radius for 4 GHz with 1.25 kHz sub-carrier spacing. Remaining simulation assumptions are based on [2].
2.1. 4 GHz
Figs. 1 and 2 depict detection error probability with respect to SNR with 1.25 kHz and 2.5 kHz subcarrier spacing, respectively. Table 1 shows the MCL calculated based on SNR to achieve 1 % detection error probability for CDL-C (3 km/h) channel model.
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Figure 1. Detection error probability with 1.25 kHz sub-carrier spacing for 4 GHz
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Figure 2. Detection error probability with 2.5 kHz sub-carrier spacing for 4 GHz

Table 1. MCL for 4 GHz
	Subcarrier spacing (kHz)
	1.25
	2.5
	2.5

	ZC sequence length
	839
	839
	419

	Transmitter

	(0) Max Tx power  (dBm)
	23
	23
	23

	(1) Actual Tx power (dBm)
	23
	23
	23

	Receiver

	(2) Thermal noise density (dBm/Hz)
	-174
	-174
	-174

	(3) Receiver noise figure (dB)
	5
	5
	5

	(4) Interference margin (dB)
	0
	0
	0

	(5) Occupied channel bandwidth (Hz)
	1080000
	2160000
	1080000

	(6) Effective noise power 
= (2) + (3) + (4) + 10 log((5))  (dBm)
	-108.7
	-105.7
	-108.7

	(7) Required SINR (dB)
	-13.2
	-13.8
	-10.5

	(8) Receiver sensitivity = (6) + (7) (dBm)
	-121.9
	-119.5
	-119.2

	(9) MCL = (1) - (8) (dB)
	144.9
	142.5
	142.2


From Figs. 1 and 2, we can observe an error floor for the CDL-C (120 km/h) case while it is not observed with 2.5 kHz sub-carrier spacing due to increased robustness to higher Doppler frequency. However, MCL with 1.25 kHz sub-carrier spacing outperforms that with 2.5 kHz sub-carrier spacing. Considering the tradeoff between MCL and robustness to Doppler frequency, 2.5 kHz subcarrier spacing based preamble transmission seems reasonable and MCL comparable to LTE PRACH format 0 may be achieved by repeating RACH preamble in time domain. Furthermore, we can observe that performance degradation is marginal as ZC sequence length decreases. Hence, time domain repetition of RACH preamble can be compensated by decreasing occupied bandwidth (e.g., by shortening the length of ZC sequence).
Observation 1: 2.5 kHz sub-carrier spacing can be applied to RACH preamble transmission for 4 GHz considering robustness against higher Doppler frequency. Time domain repetition of RACH preamble can be considered to achieve MCL comparable to LTE PRACH.
Proposal 1: Consider sub-carrier spacing scalable to 1.25 kHz (e.g., 2.5 kHz) at least for 4 GHz.
2.2. 30 GHz
Fig. 3 depicts detection error probability with respect to SNR with 10 kHz subcarrier spacing. Table 2 shows the MCL calculated based on SNR received on an antenna element to achieve 1 % detection error probability for CDL-C channel model. Note that antenna configuration for AWGN channel model is 1 Tx antenna for UE and 2 Rx antennas for TRP.
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Figure 3. Detection error probability with 10 kHz sub-carrier spacing for 30 GHz

Table 2. MCL for 30 GHz

	Subcarrier spacing (kHz)
	10
	10

	ZC sequence length
	839
	211

	Transmitter

	(0) Max Tx power  (dBm)
	23
	23

	(1) Actual Tx power (dBm)
	23
	23

	Receiver

	(2) Thermal noise density (dBm/Hz)
	-174
	-174

	(3) Receiver noise figure (dB)
	5
	5

	(4) Interference margin (dB)
	0
	0

	(5) Occupied channel bandwidth (Hz)
	8640000
	2160000

	(6) Effective noise power 
= (2) + (3) + (4) + 10 log((5))  (dBm)
	-99.6
	-105.7

	(7) Required SINR (dB)
	-23.9
	-17.8

	(8) Receiver sensitivity = (6) + (7) (dBm)
	-123.5
	-123.4

	(9) MCL = (1) - (8) (dB)
	146.5
	146.4


From Fig. 3, we can observe that performance degradation caused by diminishing the length of ZC sequence is not significant. In addition, as shown by Table 2, if we calculate MCL based on SNR per antenna element, it is observed that we can obtain MCL comparable to LTE PRACH even for 30 GHz. However, before taking observation from evaluation results, we need to clarify whether SNR for the case where an antenna port is configured with multiple antenna elements is defined by SNR received on an antenna port or SNR received on an antenna element.
Observation 2: The performance degradation caused by shortening the length of ZC sequence seems marginal.

Proposal 2: Clarify how to define required SNR for MCL calculation in case that an antenna port is configured with multiple antenna elements.

3. Conclusion
In this contribution, we have provided initial simulation results for RACH preamble and drawn observations on RACH preamble transmission. The observations and proposals of this contribution are summarized as follows.

Observation 1: 2.5 kHz sub-carrier spacing can be applied to RACH preamble transmission for 4 GHz considering robustness against higher Doppler frequency. Time domain repetition of RACH preamble can be considered to achieve MCL comparable to LTE PRACH.
Observation 2: The performance degradation caused by shortening the length of ZC sequence seems marginal.

Proposal 1: Consider sub-carrier spacing scalable to 1.25 kHz (e.g., 2.5 kHz) at least for 4 GHz.

Proposal 2: Clarify how to define required SNR for MCL calculation in case that an antenna port is configured with multiple antenna elements.
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