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1. Introduction
In RAN1 June NR Adhoc meeting, the following agreements regarding to the PRACH preamble formats were made:
Agreements:
· Confirm the working assumption on supporting format 3

· For formats with L=839

· Unrestricted sets are supported

· For restricted sets

· 1.25 kHz: Restricted set A supported, Restricted set B is FFS 

· 5 kHz: Restricted set is supported with FFS if Restricted set A, B or both are supported

· For L=127/139 with option 1, formats with 1,2,4,6, and 12 OFDM symbols are supported

· Number of symbols can be adjusted if problems are identified

Agreements:
· For 15 kHz subcarrier spacing,

· Agree on following preamble formats A2, A3, B4

· Working assumption on following preamble formats A0, A1, B0, B1, B2, B3, C0, C1

	Preamble
format
	# of 
Sequence
	TCP
	TSEQ
	TGP
	Path profile 
(Ts)
	Path profile 
(us)
	Maximum 
Cell radius
(meter)
	Use case

	A
	0
	1
	144
	2048
	0
	48 
	1.56 
	469
	TA is already known or Very small cell

	
	1
	2
	288
	4096
	0
	96 
	3.13 
	938
	Small cell

	
	2
	4
	576
	8192
	0
	144 
	4.69 
	2,109
	Normal cell

	
	3
	6
	864
	12288
	0
	144 
	4.69 
	3,516
	Normal cell

	B
	0
	1
	144
	2048
	0
	48 
	1.56 
	469
	TA is already known or Very small cell

	
	1
	2
	192
	4096
	96
	96 
	3.13 
	469
	Small cell

	
	2
	4
	360
	8192
	216
	144 
	4.69 
	1,055
	Normal cell

	
	3
	6
	504
	12288
	360
	144 
	4.69 
	1,758
	Normal cell

	
	4
	12
	936
	24576
	792
	144 
	4.69 
	3,867
	Normal cell

	C
	0
	1
	1240
	2048
	0
	144
	4.69
	5300
	Normal cell

	
	1
	2
	1384
	4096
	0
	144
	4.69
	6000
	Normal cell


· Note 1: Unit is Ts, where Ts = 1/30.72MHz
· Note 2: PRACH preamble are aligned with OFDM symbol boundary for data with same numerology
· Note 3: Additional 16Ts for every 0.5ms should be included in TCP when RACH preamble is transmitted across 0.5ms boundary or from 0.5ms boundary
· Note 4: For format A, GP can be defined within the last RACH preamble among consecutively transmitted RACH preambles

· For 30/60/120 kHz subcarrier spacing, preamble format can be scaled according to subcarrier spacing. 

· Ts =1/(2*30720) ms for 30 kHz subcarrier spacing 

· Ts =1/(4*30720) ms for 60 kHz subcarrier spacing

· Ts =1/(8*30720) ms for 120 kHz subcarrier spacing

· Note that some of the formats may not be applicable to all subcarrier spacings
2. Discussion on supported restricted set for high speed scenario
In Table I, we present the Doppler spread regarding to carrier frequency and speed. 

Tabel I Doppler spread in terms of carrier frequency and speed
	f

Speed         
	1GHz 
	2GHz 
	4GHz 
	6GHz 
	30GHz 

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

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

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


It can be observed that for supporting high speed of up to 350km/h around 2GHz, the Doppler spread is 648.15Hz, which is only half of 1.25 KHz. In LTE the restricted set B can be configured to support such scenario. It is noted that the Doppler spread is only 12% of the subcarrier spacing 5KHz, it is obvious that the new NR preamble format can be used in this scenario. However, considering that NR preamble format 3 and NR preamble format 0 occupies the same time duration while format 3 occupies four times frequency resource compared to format 0, it is proposed that preamble format 0 with restrict set B is also supported for NR.
For higher frequency band and targeting at higher speed of up to 500km/h, e.g. around 4GHz and up to 6GHz, the Doppler spread is 1.85 ~2.78 kHz, which  can be up to more than twice of 1.25KHz, and half of 5KHz, therefore, it is proposed that at least restricted set A is supported for format 3.
Proposal 1: Support restricted set B for 1.25KHz NR preamble format, in order to support high speed also in lower frequency band, considering the fewer resource overhead resulted by the 1.25 KHz format.  
Proposal 2: Support at least restricted set A for format 3.
3. Discussion on supported formats for short sequence
In last meeting, the preamble formats for the short sequence were also discussed. The support of preamble formats A, B and C was discussed to cover different scenarios.
In LTE, preamble format with 7.5Khz can be used to support small cells with fewer timing resources. In NR, we also see the need of small cell scenarios using short sequence with shorter preamble formats. It can be observed that preamble format B-1 with 15KHz provides similar coverage as LTE format 4, therefore it is proposed to support this format.
Proposal 3: Preamble Format B-1 with 15KHz for small cell is supported.
4. Conclusion
In this contribution, the following observations and proposals are made:
Proposal 1: Support restricted set B for 1.25KHz NR preamble format, in order to support high speed also in lower frequency band, considering the fewer resource overhead resulted by the 1.25 KHz format.  
Proposal 2: Support at least restricted set A for format 3.
Proposal 3: Preamble Format B-1 with 15KHz for small cell is supported.
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