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Introduction
In RAN1# 89 [1], some details regarding the NR RACH long preamble design were agreed as follows.
Agreements:
· NR supports PRACH preamble formats 0 and 1 for the sequence length of 839.
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Working assumption:
· NR supports PRACH preamble format indicated in the table below for the sequence length of 839
· FFS on restricted set
· FFS other sequence(s) for large cell radius
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Agreements:
· For L = 839, NR at least supports subcarrier spacing of:
· 1.25 kHz
· FFS: which one of 2.5 kHz or 5 kHz will be supported
Conclusions:
· Continue study on necessity support RACH preamble sequence that is more resilient to frequency offsets and supports larger cell radius than the Zadoff-Chu sequence until next meeting
· Potential sequences as listed in R1-1704144

It is agreed that NR supports sequence length of L = 127 or 139 with subcarrier spacing of {15, 30, 60, 120}kHz. The progress achieved at the RAN1 #89 meeting regarding preamble with short sequence is described in the following agreements,
Agreements:
· For the shorter sequence length than L=839, NR supports sequence length of L = 127 or 139 with subcarrier spacing of {15, 30, 60, 120}kHz
· Note: this is based on the assumption that 240 kHz subcarrier spacing is not available for data/control
· FFS: 7.5 kHz subcarrier spacing
This contribution discusses the length of NR long and short preamble sequence length. In our companion contribution [2] and [3], we study the NR RACH preamble format for capacity enhancement and NR 4-step RA procedures, respectively.
NR PRACH long preamble sequence length
Subcarrier spacing (SCS) for PRACH is highly related to robustness against maximum Doppler spread in high speed scenario. In LTE, Ncs restricted set is used for high speed scenario at the expense of decreased capacity. In NR, while using restricted sets significantly reduces the number of available RACH signatures, wider subcarrier spacing can be used for PRACH to address Doppler spread in high speed scenario instead of restricted set However, maximum UL Doppler spread in initial access process should be compared with available SCS. In initial access process, the maximum UL Doppler spread () is twice of the maximum DL Doppler spread (), which is given as
 
As shown in Table I, for below 6GHz, the maximum UL Doppler spread  may exceed even 5K Hz at 6GHz. Therefore, SCS = 5KHz and the restricted set should be both supported for high speed scenario.

Table I Maximum UL Doppler spread under different speed and frequency 
	
speed
	3GHz
	6GHz 
	30GHz 

	3km/h 
	16.67 Hz
	33.33 Hz
	166.7 Hz

	300km/h 
	166.67 Hz
	333.33 Hz
	1.67 KHz

	500km/h 
	2.78 KHz
	5.56 KHz
	27.78 KHz



Thus we have the proposal:
Proposal 1: For NR PRACH preamble L=839, SCS = 5KHz and Ncs restricted set should be both supported for 500km/h scenario for below 6GHz bands.

NR PRACH short preamble sequence length

It is decided to use short sequence for PRACH preamble for the scenarios of high Doppler frequency offset for high speed requirement and beam scanning operation of PRACH preamble. Assuming certain subcarrier spacing, shorter sequence length leads narrower transmission bandwidth which is beneficial in terms of beam sweeping coverage. When using beamforming at both transmitter and receiver, the beam between transmitter and receiver need to be aligned in the right direction to obtain maximum beam gain. The time required for achieving this TX-RX beam alignment could be proportional to the multiplication of the number of TRP beams and UE beams. It would be desirable to have short period for random access process from the latency reduction perspective. Hence, for the purpose of beam sweeping in RACH procedure, relative short preamble sequence duration is desirable. In addition, for PRACH preamble above 6 GHz, the SCS is larger when compared to SCS for below 6GHz. Relative shorter preamble sequence compared with the sequence length for below 6GHz is desired. 
Remaining items for short PRACH preamble sequence is the time durations of sequence length, CP length and gap length, represented with T_SEQ, T_CP and T_GP respectively, which are the values of the number of samples and related with the sampling rate. 
The lower bound for T_SEQ  must allow for unambiguous round-trip time estimation for a UE located at the edge of the largest expected cell (i.e. 0.5 km radius), including the maximum delay spread expected in such cells, namely 5 μs. Hence 
TSEQ ≥ μs.
The sequence duration should meet the requirement for coverage. A target SNR could be determined from evaluations. The sequence duration could be computed as follows. By using a normalized DFT, the noise power in a time sample is equivalent to the noise power observed in a subcarrier. Therefore, the noise power at the receiver side is given by
，
where −174 dBm/Hz is the noise PSD and = 5.0 dB is the noise figure The received sequence power  can be computed from a link budget as the difference between maximal total signal power over the transmission band and maximal coupling loss. Consider the preamble sequence energy as . Equating the received SNR to a target SNR, , we have

Thus, the sequence duration is given by

For the calculation of the length of CP, T_CP, the unambiguous round-trip time estimation for a UE located at the edge of the largest expected cell should be considered and the maximum delay spread expected in such cells should be counted in the CP duration. To absorb the propagation delay, duration of GP is required to reduce the interference to next symbol. For the calculation of the length of GP, T_GP, the maximum delay spread can be not included in the GP for it has been counted in CP, but the round-trip time estimation should be considered. Assuming the same SCS, multiple formats can be supported with different lengths of preamble sequence, T_CP and T_GP for the scenarios with different cell radiuses and MCL. The values for different scenarios and SCSs are given in appendix.
Conclusion
This contribution discussed NR RACH long and short preamble sequence length. Several lengths and SCSs are agreed for short preamble sequence. In this contribution the time duration of sequence, CP and GP are discussed. The values of the time duration of sequence, CP and GP are given for different scenario with different cell radiuses and maximal coupling losses.
Proposal 1: For NR PRACH preamble L=839, SCS = 5KHz and Ncs restricted set should be both supported for 500km/h scenario for below 6GHz bands.
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Appendix: PRACH preamble formats for sequence length 127/139
Note: In the tables we have used the following numbering of the formats
· Sxx-y
· Where: S denotes short sequence e.g. 127/139
· xx denotes the subcarrier spacing e.g. 15 kHz, 30 kHz, 60 kHz, 120kHz
· y denotes the number of OFDM symbols in the preamble e.g. 1, 2, 4, ...

PRACH preamble formats for sequence length 127/139 and SCS = 15kHz
Use cases for each proposed PRACH preamble format:
S15-1: 
· Maximum cell radius:  3.82km is derived from the GP length
· Delay spread: up to 5us
· MCL: 131dB
· Maximum UE speed: 120 km/h
· Carrier frequency: below 6GHz
· Scenario: small cell

S15-2: 
· Maximum cell radius: 4.17 km is derived from the GP length
· Delay spread: up to 5us
· MCL: 134dB
· Maximum UE speed: 120 km/h
· Carrier frequency: below 6GHz
· Scenario: small cell .

S15-4: 
· Maximum cell radius: 4.88km is derived from the GP length
· Delay spread: up to 5us
· MCL: 137dB
· Maximum UE speed: 120km/h
· Carrier frequency: below 6GHz
· Scenario: medium cell .

S15-8: 
· Maximum cell radius: 11.63km is derived from the GP length
· Delay spread: up to 5us
· MCL: 140dB
· Maximum UE speed: 120km/h
· Carrier frequency: below 6GHz
· Scenario: large cell .

	Format 
	SCS(kHz) 
	N_OS 
	N_RP 
	T_SEQ (Ts) 
	T_CP (Ts) 
	T_GP (Ts) 

	S15-1
	15 
	1 
	1 
	2048
	1246
	1090

	S15-2
	15 
	2
	1 
	2*2048
	1318
	1162

	S15-4
	15 
	4
	1 
	4*2048
	1462
	1306

	S15-8
	15 
	8
	1 
	8*2048
	2846
	2690


Ts = 1/(30720) ms;


PRACH preamble formats for sequence length 127/139 and SCS = 30kHz
Use cases for each proposed PRACH preamble format:

S30-1: 
· Maximum cell radius: 1.91km is derived from the GP length
· Delay spread: up to 2.5us
· MCL: 128dB
· Maximum UE speed: 120 km/h
· Carrier frequency: below 6GHz
· Scenario: small cell.

S30-2: 
· Maximum cell radius: 2.09km is derived from the GP length
· Delay spread: up to 2.5us
· MCL: 131 dB
· Maximum UE speed:120 km/h
· Carrier frequency: below 6GHz
· Scenario: small cell.

S30-4: 
· Maximum cell radius:  2.44km is derived from the GP length
· Delay spread: up to 2.5us
· MCL: 134 dB
· Maximum UE speed: 120 km/h
· Carrier frequency: below 6GHz
· Scenario: small cell.

S30-8: 
· Maximum cell radius:  5.82km is derived from the GP length
· Delay spread: up to 5us
· MCL: 137 dB
· Maximum UE speed: 120 km/h
· Carrier frequency: below 6GHz
· Scenario:  Medium cell

Note: Please use the template below:
	Format 
	SCS(kHz) 
	N_OS 
	N_RP 
	T_SEQ (Ts) 
	T_CP (Ts) 
	T_GP (Ts) 

	S30-1 
	30
	1 
	1 
	1024
	623
	545

	S30-2 
	30
	2 
	1 
	2*1024
	659
	581

	S30-4 
	30
	4 
	1 
	4*1024
	731
	653

	S30-8 
	30
	8 
	1 
	8*1024
	1423
	1345


Ts = 1/(30720) ms;


PRACH preamble formats for sequence length 127/139 and SCS = 60kHz
Use cases for each proposed PRACH preamble format:
S60-1: 
· Maximum cell radius: 1.0km is derived from the GP length
· Delay spread: up to 1us
· MCL: 125dB
· Maximum UE speed: 120km/h
· Carrier frequency: above  6GHz
· Scenario: small cell

S60-2: 
· Maximum cell radius: 1.1km is derived from the GP length
· Delay spread: up to 1us
· MCL: 128dB
· Maximum UE speed:120km/h
· Carrier frequency: above  6GHz
· Scenario: small cell

S60-4: 
· Maximum cell radius: 0.5 km, 1.3km is derived from the GP length
· Delay spread: up to 1us
· MCL: 131dB
· Maximum UE speed: 120km/h
· Carrier frequency: above  6GHz
· Scenario: small cell.

S60-8: 
· Maximum cell radius: 3.0km is derived from the GP length
· Delay spread: up to 1us
· MCL: 134dB
· Maximum UE speed: 120km/h
· Carrier frequency: above  6GHz
· Scenario: medium cell .

	Format 
	SCS(kHz) 
	N_OS 
	N_RP 
	T_SEQ (Ts) 
	T_CP (Ts) 
	T_GP (Ts) 

	S60-1 
	60
	1 
	1 
	512
	312
	272

	S60-2 
	60
	2 
	1 
	2*512
	330
	290

	S60-4 
	60
	4 
	1 
	4*512
	366
	326

	S60-8 
	60
	8 
	1 
	8*512
	712
	672


Ts = 1/(30720) ms;

PRACH preamble formats for sequence length 127/139 and SCS = 120kHz
Use cases for each proposed PRACH preamble format:

S120-1: 
· Maximum cell radius: 0.5 km is derived from the GP length
· Delay spread: up to 0.5us
· MCL: 122dB
· Maximum UE speed: 120km/h
· Carrier frequency: above  6GHz
· Scenario: small cell.

S120-2: 
· Maximum cell radius: 0.5 km is derived from the GP length
· Delay spread: up to 0.5us
· MCL: 125dB
· Maximum UE speed: 120km/h
· Carrier frequency: above  6GHz
· Scenario: small cell.

S120-4: 
· Maximum cell radius: 0.6km is derived from the GP length
· Delay spread: up to 0.5us
· MCL: 128dB
· Maximum UE speed: 120km/h
· Carrier frequency: above  6GHz
· Scenario: small cell.

S120-8: 
· Maximum cell radius: 1.5 km is derived from the GP length
· Delay spread: up to 0.5us
· MCL: 131dB
· Maximum UE speed: 120km/h
· Carrier frequency: above  6GHz
· Scenario: small cell.

	Format 
	SCS(kHz) 
	N_OS 
	N_RP 
	T_SEQ (Ts) 
	T_CP (Ts) 
	T_GP (Ts) 

	S120-1 
	120
	1 
	1 
	256
	156
	136

	S120-2 
	120
	2 
	1 
	2*256
	165
	145

	S120-4 
	120
	4 
	1 
	4*256
	183
	163

	S120-8 
	120
	8 
	1 
	8*256
	356
	336


Ts = 1/(30720) ms;
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