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1. Introduction
In RAN1 #88bis meeting, the ZC sequence was agreed as the NR PRACH sequence type, with the FFS on other sequence types and/or other methods in addition for some scenario, e.g. high speed and large cells. For the ZC sequence, the corresponding sequence length and subcarrier candidates are agreed as follows.
Agreements:
· For Zadoff-Chu sequence type, the RAN1 specifications will support two NR-PRACH sequence lengths (L) 

· L = 839: SCS = {1.25, 2.5, 5} KHz

· Select one of

· L = 63/71: SCS = {15, 30, 60, 120, 240} KHz

· L = 127/139: SCS = {7.5, 15, 30, 60, 120} KHz

· FFS: Supported sub-carrier spacings for each sequence length

· FFS for other sequence types

As concluded in the work plan in RAN1 #88bis meeting, the RACH sequence length and subcarrier spacing will be determined in RAN 1 #89 as well as the whole RACH format. 
Conclusions:
· For Random Access,
· following remaining issues need to be finalized in the next meeting
· RACH preamble sequence length and subcarrier spacing

· Selection of L between L = 63/71 and L = 127/139

· Further down-selection of subcarrier spacing  if needed

· RACH format design

· Supported preamble formats of option 1 and detailed design of each
· Whether/how to support option 2 and option 4

· CP/GT length

In this proposal, we discuss about the requirements for NR PRACH preamble format design including high speed support and coverage enhancement, and provide some evaluation and link budget analysis accordingly.
2. Requirements for PRACH format design
Due to the wider frequency ranges and more flexible deployment scenarios in NR, the PRACH preamble formats are designed to cover these various requirements, including different cell sizes and high Doppler cases.
According to the agreements in last RAN1 meeting, the candidates for PRACH preamble lengths and subcarrier spacing have been provided.
In NR, one of the important scenarios is the high speed train scenario, with up to 500km/h UE speed which leads to a 2.78 KHz Doppler spread at 6GHz frequency. This requires a preamble format with larger subcarrier spacing. 
Another appealing deployment scenario for NR is to use higher frequency range than LTE, e.g. around 4GHz, for deployment while maintaining the same UL control coverage as LTE. In this case, the PRACH preamble format should be designed to ensure the coverage.
With wider frequency ranges available for NR, the coverage in the high frequency band is also an important design criterion. The design should consider tradeoff between preamble transmission bandwidth and timing overhead.
Observation: High speed (up to 500km/h) and coverage are two important requirements to be considered in the RACH preamble format design.
3. Analysis and link budget for PRACH format design
3.1 High speed support
In this section, we provide analysis for high speed support. 
In Table I, the Doppler spread under different frequency and speed are provided. It can be observed for below 6GHz, the maximum Doppler spread can exceed 2.5KHz at 6GHz and exceed 1.25KHz at 3.5GHz so that larger subcarrier spacing will be needed for high speed scenario. 

Table I Doppler spread under different frequency and speed
	f 
speed
	1GHz 
	2GHz 
	3.5GHz 
	4GHz 
	6GHz
	30GHz 

	3km/h 
	2.78 Hz
	5.56 Hz
	9.72 Hz
	11.11 Hz
	16.67 Hz
	83.33 Hz

	120km/h 
	111.11 Hz 
	222.22 Hz
	388.89 Hz
	444.44 Hz
	666.67 Hz
	3333.33 Hz 

	350km/h 
	324.07 Hz
	648.15 Hz
	1.13 KHz
	1.3 KHz
	1.94 KHz
	9.72 KHz

	500km/h 
	462.96 Hz
	925.93 Hz
	1.62 KHz
	1.85 KHz 
	2.78 KHz
	13.89 KHz 


Thus we have the proposal:
Proposal 1: L=839 preamble and SCS=5kHz/2.5KHz can be configured for the 500km/h high speed scenario for below 6GHz.
3.2 Coverage support
In this section, we provide link budget analysis for the different numerologies
According to the candidate parameters for PRACH sequence length and subcarrier spacing, the corresponding bandwidth are listed as follows in Table II. 
Table II. PRACH Bandwidth for each sequence length and subcarrier spacing
	SCS for L = 839 
	1.25KHz 
	2.5KHz 
	5KHz 
	-
	-

	SCS for L = 127/139 
	7.5KHz 
	15KHz 
	30KHz 
	60KHz 
	120KHz 

	SCS for L = 63/71 
	15KHz 
	30KHz 
	60KHz 
	120KHz 
	240KHz

	PRACH BW(MHz)
	1.08MHz 
	2.16MHz 
	4.32MHz 
	8.64MHz 
	17.28MHz 


In Table III, the link budget result is provided for various PRACH bandwidth. The frequency considered is 3.5GHz and the antenna configuration considered is UE with 1 Tx antenna and 23dBm transmit power, while the gNB is with 64 Rx antenna elements.
The column under ``PRACH format 1 in LTE’’ is the baseline performance of LTE PRACH format 1. For the other bandwidth candidates, we aim to obtain the corresponding required detection SNR at cell edge with inter-site distance of 500 m (radius of 333 m), the SNR for MCS Level - 1% BLER(dB) values in Line 13 are adjusted so that the values of Indoor Cell Radius (km) in Line 30 and Indoor Inter-Site Distance (km) in Line 31 are approximately 0.333 and 0.5, respectively. Indoor cell radius is considered here since indoor scenario imposes stricter requirement on the PRACH threshold.
Note: The SNR thresholds obtained in Line 13 of Table III is for base station with 2 Rx antennas. That is why the antenna array  gain for base stations with 64 Rx antenna is 15 dB, as given in Line 9. The reason why the threshold for base station with 2 Rx antennas is given is that it is a basic configuration for base station and the result here can be easily calibrated for other scenario where different number of Rx antennas is adopted.
From the link budget analysis, the following observations are made:
1. The PRACH format 1 in LTE cannot provide enough coverage at the 3.5GHz.
2. Under the same bandwidth as LTE PRACH format 1, i.e., 1.08MHz, by reducing 6.6dB (=14.3-7.7dB) detection SNR, the coverage requirement can be met. This leads to a requirement of  repetition of preamble sequences, which translates into four repetitions in the preamble formats.
3. For PRACH preambles with larger bandwidth (2.16MHz, 4.32MHz, 8.64MHz, 17.28MHz), the detection SNR required are -17.3dB, -20.3dB, -23.3dB, -26.3dB, respectively.
According to the analysis, to ensure the coverage of PRACH preambles, more repetitions than LTE preamble formats are needed. For the L=839, SCS=1.25KHz combination as in LTE format 0-3, four repetitions are needed in the preamble format, which leads to a 3.2ms duration. 
Proposal 2: For the L=839, SCS=1.25KHz combination preamble format, four repetition of preamble sequence is needed. Larger SCS may require higher number of repetitions.
Table III. Link budget for PRACH preamble candidates
	
	
	PRACH format 1 in LTE
	PRACH with enhancement requirement

	1
	PRACH bandwidth (MHz)
	1.08 
	1.08 
	2.16 
	4.32 
	8.64 
	17.28 

	2
	AntennaConfig.
	1Tx64Rx
	1Tx64Rx
	1Tx64Rx
	1Tx64Rx
	1Tx64Rx
	1Tx64Rx

	3
	TX Power (dBm)
	23
	23
	23
	23
	23
	23

	4
	RBs (Described in SCS 15KHz)
	6
	6
	12
	24
	48
	96

	5
	Subcarriers bandwidth(KHz)
	15
	15
	15
	15
	15
	15

	6
	Tx Power/Subcarrier (dBm)
	4.4 
	4.4 
	1.4 
	-1.6 
	-4.6 
	-7.6 

	7
	Transmission Line Loss (dB)
	0.5
	0.5
	0.5
	0.5
	0.5
	0.5

	8
	 Antenna Gain (dBi)
	9.0
	9.0
	9.0
	9.0
	9.0
	9.0

	9
	Receive Diversity Gain (dB)
	15.0
	15.0
	15.0
	15.0
	15.0
	15.0

	10
	Thermal Noise (kT) (dBm/Hz)
	-174.0 
	-174.0 
	-174.0 
	-174.0 
	-174.0 
	-174.0 

	11
	Noise Figure (dB)
	3.5
	3.5
	3.5
	3.5
	3.5
	3.5

	12
	 Noise Power (dB)
	-128.7 
	-128.7 
	-128.7 
	-128.7 
	-128.7 
	-128.7 

	13
	SNR for MCS Level - 1%BLER(dB)
	-7.7 
	-14.3 
	-17.3 
	-20.3 
	-23.3 
	-26.3 

	14
	Sensitivity - Composite
	-136.4
	-143.0
	-146.0
	-149.0
	-152.0
	-155.0

	
	System Margin
	　
	　
	　
	　
	　
	　

	15
	Fast Fade Margin (dB)
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0

	16
	Shadow Fading Margin (dB)
	11.6
	11.6
	11.6
	11.6
	11.6
	11.6

	17
	Interference Margin (dB)
	2.0
	2.0
	2.0
	2.0
	2.0
	2.0

	18
	Penetration Loss (dB) (Dense Urban/Urban)
	17
	17
	17
	17
	17
	17

	19
	OTA(dB)
	6
	6
	6
	6
	6
	6

	20
	MS Body Loss (dB)
	3
	3
	3
	3
	3
	3

	21
	Terminal Loss (dB)
	0
	0
	0
	0
	0
	0

	22
	Total System Margin (dB)(Dense Urban/Urban)
	39.6
	39.6
	39.6
	39.6
	39.6
	39.6

	23
	Outdoor Maximum allowable Path Loss
	141.77 
	148.37 
	148.36 
	148.35 
	148.33 
	148.32 

	24
	Indoor Maximum allowable Path Loss(Dense Urban/Urban)
	124.77 
	131.37 
	131.36 
	131.35 
	131.33 
	131.32 

	25
	Frequency (MHz)
	3500 
	3500 
	3500 
	3500 
	3500 
	3500 

	26
	Base station antenna height (m)
	35
	35
	35
	35
	35
	35

	27
	Subscriber Unit antenna height (m)
	1.5
	1.5
	1.5
	1.5
	1.5
	1.5

	
	Propagation Model
	COST-231 Hata

	
	Propagation Environment
	Dense Urban/Urban

	28
	Outdoor Cell Radius (km)
	0.66 
	1.02 
	1.02 
	1.02 
	1.02 
	1.02 

	29
	Outdoor Inter-Site Distance(km)
	0.99 
	1.53 
	1.53 
	1.53 
	1.53 
	1.53 

	30
	Indoor Cell Radius (km)
	0.21 
	0.33 
	0.33 
	0.33 
	0.33 
	0.33 

	31
	Indoor Inter-Site Distance(km)
	0.32 
	0.50 
	0.50 
	0.50 
	0.50 
	0.50 


4. Conclusion
In this contribution, the following observation and proposals are made:
Observation: High speed (up to 500km/h) and coverage are two important requirements to be considered in the RACH preamble format design.
Proposal 1: L=839 preamble and SCS=5 KHz/2.5KHz can be configured for the 500km/h high speed scenario for below 6GHz.
Proposal 2: For the L=839, SCS=1.25 KHz combination preamble format, four repetitions of preamble sequence is needed. Larger SCS may require higher number of repetitions.
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