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1. Introduction

In RAN1 NR Ad-Hoc [1], we made agreements on RACH preamble design for NR.

	Agreed next steps:
· For down selection purpose, until the next meeting do evaluation of the following RACH SCS alternatives at least considering
· Robustness towards Doppler frequency, Beam sweeping latency, Link budget, Cell size, RACH capacity, frequency offset 
· RACH SCS alternatives
· SCS = [1.25 2.5 5 7.5 10 15 20 30 60 120 240] kHz
· Note: in case RACH SCS = [15 30 60 120 240] there are two design options:
· use the same SCS as the subsequent UL data and control 
· use different SCS than the subsequent UL data and control 
· The following RACH preamble sequence types are considered
· Zadoff-Chu
· M-sequence
· Zadoff-Chu with cover extension using M-sequence
Note that new designs are not precluded in the future. 

	Agreement:

For single/multi-beam operation, 

· For multiple/repeated RACH preamble transmissions, consider only option 1, option 2 and option 4 

· Option 1: CP is inserted at the beginning of the consecutive multiple/repeated RACH OFDM symbols, CP/GT between RACH symbols is omitted and GT is reserved at the end of the consecutive multiple/repeated RACH symbols
· Option 2/4: The same/different RACH sequences with CP is used and GT is reserved at the end of the consecutive multiple/repeated RACH sequences
· Study:
· Multiplexing with different orthogonal cover codes 
· Independent RACH sequences in a RACH preamble 
· For supporting various coverage and forward compatibility, flexibility in the length of CP/GT and the number of repeated RACH preambles and RACH symbols is supported 
Note: specific use of these three options may depend on RACH subcarrier spacing and TRP beam correspondence


In this contribution, we provide simulation results for RACH preamble and draw observations on RACH preamble transmission.
2. Simulation results
In order to see the sensitivity of detection error probability of RACH preamble for Doppler frequency (e.g. 3km/h, 120km/h) at higher frequency band (e.g. 4GHz, 30GHz), we provide simulation results evaluating RACH preamble performance according to subcarrier spacing, sequence length, and repetition of RACH preamble.
As the baseline RACH preamble structure for evaluation, we assume to use LTE PRACH format 0, to be specific, maintaining sequence length (i.e., 839-length ZC sequence) and sub-carrier spacing (e.g., 1.25 kHz). Based on LTE structure, we evaluated modified structures reducing sequence length (e.g., 419 or 211) and/or enlarging sub-carrier spacing by multiples of 1.25 kHz (e.g., 2.5 kHz and 10 kHz). For instance, we evaluated 2.5 kHz with 839 or 419 length ZC for 4 GHz, and 10 kHz sub-carrier spacing with 839 or 211 length ZC for 30 GHz, respectively. When the sub-carrier spacing is increased, the time-domain length of CP, sequence, and GT is decreased proportional to the ratio of increased sub-carrier spacing to 1.25 kHz. 
In addition, we applied two options (i.e. option 1 and 2) for multiple/repeated RACH preamble evaluation. Note that we evaluated RACH preambles repeated twice or eight times for 4 GHz or for 30 GHz, respectively, in order to make RACH transmission time comparable to LTE PRACH format 0 (i.e., 1 msec).
Regarding detection probability performance, SNR in the figure is defined as per tone SNR measured 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
Figure 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. 

In figure 1, we provide evaluation result to see the sensitivity detection error probability of RACH preamble with 1.25 kHz subcarrier spacing according to Doppler frequency.
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Figure 1. Detection error probability with 1.25 kHz sub-carrier spacing for 4 GHz
As shown in figure 1, it is observed that LTE PRACH format 0 is operated well at 3km/h for 4GHz. However, performance degradation is observed at high speed case (i.e. 120km/h). So, we can think that LTE PRACH format 0 based design could be introduced for NR-RACH preamble, while modification for RACH preamble is necessary for robustness against Doppler frequency.

As one possible solution, we can consider to increase subcarrier spacing of RACH preamble for robustness of RACH detection. In order to see the possibility, we provide evaluation results of RACH preamble with increased subcarrier spacing (i.e., 2.5 kHz) in figure 2. In this evaluation, we assume two types of ZC length, which are the same ZC length for LTE PRACH format 0 (i.e., 839), and half length (i.e., 419) to keep the same transmission bandwidth of LTE PRACH format 0.
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Figure 2. Detection error probability with 2.5 kHz sub-carrier spacing for 4 GHz

From the figure 2, we can observe increased subcarriers spacing (i.e., 2.5 kHz) provides robust performance against high Doppler frequency, and RACH preamble with short ZC length (i.e., 419) is well performed at higher Doppler frequency. Also, it is observed that multiple/repeated RACH preamble with short ZC length has similar performance with RACH preamble with original ZC length (i.e., 839), which means that RACH preamble with narrow bandwidth and long transmission period can provide similar detection error probability with RACH preamble with wide bandwidth and short transmission period. However, in case of UL transmission, the result of maximum coupling loss (MCL) could be different.

For the comparison of MCL according to transmission period and bandwidth of RACH preamble, we provide MCL in Table 1.

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

	ZC sequence length
	839
	839
	419
	419

	Sequence repetition
	1
	1
	1
	2

	Transmitter

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

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

	Receiver

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

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

	(4) Interference margin (dB)
	0
	0
	0
	0

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

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

	(7) Required SINR (dB)
	-11.9
	-12.6
	-9.2
	-11.4

	(8) Receiver sensitivity = (6) + (7) (dBm)
	-120.6
	-118.3
	-117.9
	-120.1

	(9) MCL = (1) - (8) (dB)
	143.6
	141.3
	140.9
	143.1


From Table 1, it is shown that performance degradation is marginal as ZC sequence length decreases. It is also shown that MCL with 1.25 kHz sub-carrier spacing outperforms MCL with 2.5 kHz sub-carrier spacing if RACH preamble is not repeated. However, when repeated RACH preamble is transmitted, MCL with 2.5 kHz sub-carrier spacing becomes comparable not only to 1.25 kHz sub-carrier spacing case but also to LTE PRACH format 0. It is noted that occupied time-frequency domain resource of LTE PRACH format 0 is similar to that of 2.5 kHz sub-carrier spacing RACH preamble with 419-length and 2 repetitions.
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: Apply 2.5 kHz sub-carrier spacing for RACH preamble below 6 GHz.
2.2. 30 GHz
Figure 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
	10
	10

	ZC sequence length
	839
	211
	839
	211

	Sequence repetition
	1
	1
	8
	8

	Transmitter

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

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

	Receiver

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

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

	(4) Interference margin (dB)
	0
	0
	0
	0

	(5) Occupied channel bandwidth (Hz)
	8640000
	2160000
	8640000
	2160000

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

	(7) Required SINR (dB)
	-8.4
	-2.2
	-15.2
	-9.1

	(8) Receiver sensitivity = (6) + (7) (dBm)
	-108.0
	-107.9
	-114.8
	-114.8

	(9) MCL = (1) - (8) (dB)
	131.0
	130.9
	137.8
	137.8


From figure 3, we can observe that performance degradation caused by reducing the length of ZC sequence is not significant. Also, from figure 4 in ANNEX, it is observed that similar performance gain can be achieved by using Op.1 and Op.2 for multiple/repeated RACH preamble.
In addition, from table 2, it is shown that about 7 dB MCL gain is obtained by repeating RACH preamble eight times. Note that non-coherent detection between same sequence is conducted, but additional performance gain can be achieved if enhanced receiver (e.g., coherent detection between repeated sequences) is applied.
Observation 2: The performance degradation caused by shortening the length of ZC sequence seems marginal.
Observation 3: The similar performance can be achieved, whether CP is inserted between the repeated RACH preambles or not.
Proposal 2: Apply 10 kHz sub-carrier spacing for RACH preamble above 6 GHz.
3. Conclusion
In this contribution, we have provided 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.

Observation 3: The similar performance can be achieved, whether CP is inserted between the repeated RACH preambles or not.
Proposal 1: Apply 2.5 kHz sub-carrier spacing for RACH preamble below 6 GHz.
Proposal 2: Apply 10 kHz sub-carrier spacing for RACH preamble above 6 GHz.
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5. Annex
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(a) RACH preamble with 2.5 kHz sub-carrier spacing for 4 GHz
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(b) RACH preamble with 10 kHz sub-carrier spacing for 30 GHz
Figure 4. Detection error probability according to options for multiple/repeated RACH preamble 
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