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Background

In RAN1#89 we concluded to have an email discussion regarding PRACH preamble formats for short sequence length. 
Conclusion:
· Use proposals in R1-1709767 as a starting point for evaluation until next meeting
Companies to provide tables of supported preamble formats with SCS/CP/GP and support cell ranges on the reflector by June 9th – Jan (ZTE)

Companies are encouraged to provide a short description of the use cases for each proposed PRACH preamble format. 
Use case should at least include assumptions on:
· Maximum cell radius: e.g. 50m, 500m, 5km, large cell
· Maximum delay spread: 
· MCL:
· Maximum UE speed: e.g. 3km/h, 120km/h, 500km/h
· Carrier frequency(s): e.g. below 6GHz, above 6GHz
· Scenario (e.g. beam sweeping, coverage, etc)
For simulation assumptions please refer to R1-1704144. 

In this document we have included the following sections:

Section 2: PRACH preamble formats for sequence length 127/139 and SCS = 15kHz
Section 3: PRACH preamble formats for sequence length 127/139 and SCS = 30kHz
Section 4: PRACH preamble formats for sequence length 127/139 and SCS = 60kHz
Section 5: PRACH preamble formats for sequence length 127/139 and SCS = 120kHz

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
Ericsson
Use cases for each proposed PRACH preamble format:
S15-1: Indoor or very small cell with CP as guard
· Maximum cell radius: For LOS around 700 m derived from the CP length
· Delay spread: up to 5 us
· MCL: 137 dB (AWGN, 2 rx antennas)
· Maximum UE speed: 120 km/h
· Carrier frequency: below 6 GHz
· Scenario: Indoor or very small cell up to 700 meters. No receiver beam sweep

S15-2: Indoor or small cell. Roundtrip time and delay spread within twice the ordinary CP
· Maximum cell radius: For LOS around 1.4 km derived from the GP length
· Delay spread: up to 5 us
· MCL: 140 dB
· Maximum UE speed: 120 km/h 
· Carrier frequency: below 6 GHz
· Scenario: Indoor or small cell up to 700 meters. Up to two receiver beams sweep

S15-6: Medium size cell. Guard time defines maximum delay
· Maximum cell radius: For LOS around 15 km derived from the GP length
· Delay spread: >5 us
· MCL: 144 dB
· Maximum UE speed: 120 km/h
· Carrier frequency: below 6GHz
· Scenario: Medium cell up to 15 km with good coverage (accumulate all OFDM symbols) or medium cell up 10 km with up to 5 receiver beams sweep

 S15-13: Large size cell. Guard time defines maximum delay
· Maximum cell radius: For LOS around 20 km derived from the GP length. Around 95 km if using one additional half slot (0.5 ms) as guard.
· Delay spread: >5 us
· MCL: 147 dB
· Maximum UE speed: 120 km/h
· Carrier frequency: below 6 GHz
· Scenario: Large cell up to 20 km with good coverage (accumulate all OFDM symbols) or medium cell up 10 km with up to 12 receiver beams sweep
S15-14: Medium size cell. Guard time defines maximum delay
· Maximum cell radius: For LOS around 10 km derived from the GP length. Around 85 km if using one additional half slot (0.5 ms) as guard.
· Delay spread: >5 us
· MCL: 148 dB
· Maximum UE speed: 120 km/h 
· Carrier frequency: below 6 GHz
· Scenario: Medium cell up to 10 km with good coverage (accumulate all OFDM symbols) or up to 13 receiver beams sweep

S15-27: Large size cell. Guard time defines maximum delay
· Maximum cell radius: For LOS around 30 km derived from the GP length. Around 105 km if using one additional half slot (0.5 ms) as guard.
· Delay spread: >5 us
· MCL: 151 dB
· Maximum UE speed: 120 km/h 
· Carrier frequency: below 6 GHz
· Scenario: Large cell up to 30 (or 105 km) with good coverage (accumulate all OFDM symbols) or medium cell up 10 km with up to 26 receiver beams sweep

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

	S15-1
	15
	1
	1
	2048
	144
	0

	S15-2
	15
	2
	1
	2*2048
	144
	144

	S15-6
	15
	6
	1
	5*2048
	2048
	3072

	S15-13
	15
	13
	1
	12*2048
	2048
	4096

	S15-14
	15
	14
	1
	13*2048
	2048
	2048

	S15-27
	15
	27
	1
	26*2048
	2048
	6144


Ts = 1/(30720) ms;
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DOCOMO 
Use cases for each proposed PRACH preamble format:
S15-1: 
· Maximum cell radius: 5.3km is derived from the GP length
· Delay spread: up to 5us
· MCL: 131dB
· Maximum UE speed: 60km/h
· Carrier frequency: below 6GHz
· Scenario: RACH resource allocation with 2*2^n data symbol duration based on 15*2^n kHz SCS

S15-2: 
· Maximum cell radius: 5.6km is derived from the GP length
· Delay spread: up to 5us
· MCL: 134dB
· Maximum UE speed: 60km/h
· Carrier frequency: below 6GHz
· Scenario: RACH resource allocation with 3*2^n data symbol duration based on 15*2^n kHz SCS. 
                 For TRP Rx beam sweeping case and coverage improvement by accumulation of OFDM symbols.


S15-4: 
· Maximum cell radius: 6.3km is derived from the GP length
· Delay spread: up to 5us
· MCL: 137dB
· Maximum UE speed: 60km/h
· Carrier frequency: below 6GHz
· Scenario: RACH resource allocation with 5*2^n data symbol duration based on 15*2^n kHz SCS. 
                 For TRP Rx beam sweeping case and coverage improvement by accumulation of OFDM symbols.

S15-11: 
· Maximum cell radius: 8.8km is derived from the GP length
· Delay spread: up to 5us
· MCL: 141dB
· Maximum UE speed: 60km/h
· Carrier frequency: below 6GHz
· Scenario: RACH resource allocation with 12*2^n data symbol duration based on 15*2^n kHz SCS. 
                 For TRP Rx beam sweeping case and coverage improvement by accumulation of OFDM symbols.

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

	S15-1
	15 
	1 
	1 
	2048
	1248
	1088

	S15-2 
	15 
	2 
	1 
	4096
	1320
	1160

	S15-4 
	15 
	4 
	1 
	8192
	1464
	1304

	S15-11 
	15 
	11 
	1 
	22528
	1976
	1816


Ts = 1/(30720) ms;

HUAWEI
S15-1: 
· 1ms time duration for PUSCH with15kHz SCS 
· Maximum cell radius from CP/GT: 9.3 km with a maximum delay spreadof  4.68us
· Carrier frequency: below 6GHz

S15-2: 
· 500us time duration for PUSCH with 30kHz SCS
· Maximum cell radius from CP/GT: 9.6 km with a maximum delay spread of  2.34us
· Carrier frequency: below 6GHz

S15-3: 
· 1ms time duration for PUSCH with15kHz SCS
· Maximum cell radius from CP/GT: 9.3 km with a maximum delay spread of  4.68us
· Carrier frequency: below 6GHz
· For 2-stage  detection

S15-4: 
· 500us time duration for PUSCH with 30kHz SCS 
· Maximum cell radius derived from CP/GT: 4.6 km with a maximum delay spread of  2.34us
· Carrier frequency: below 6GHz
· For 2-stage  detection
	Format 
	SCS(kHz) 
	N_OS 
	N_RP 
	T_SEQ (Ts) 
	T_CP (Ts) 
	T_GP (Ts) 

	S15-1
	15 
	13 
	1 
	13*2048
	2048
	2048

	S15-2 
	15 
	5
	1 
	5*2048
	2048
	3072

	S15-3
	15 
	6
	2 
	6*2048
	2048
	2048

	S15-4
	15 
	3
	2 
	3*2048
	1024
	1024


Ts = 1/30720 ms;

ZTE
Use cases for each proposed PRACH preamble format:
S15-1: 
· Maximum cell radius: For UMA LOS around 3.0km, for UMa NLOS channel model around 450m, 860m derived from the GP length
· Delay spread: up to 5.2us
· MCL: 127dB
· Maximum UE speed: 30km/h
· Carrier frequency: below 6GHz
· Scenario: Small cell scenario with cell radius up to 0.5 km and UMa NLOS channel model.
S15-8: 
· Maximum cell radius: For UMA LOS around 3km, for UMa NLOS channel model around 450m, 860m derived from the GP length
· Delay spread: up to 5.2us
· MCL: 127dB
· Maximum UE speed: 30km/h
· Carrier frequency: below 6GHz
· Scenario: Beam sweeping, Small cell scenario with cell radius up to 0.45 km and UMa NLOS channel model.
S15-25: 
· Maximum cell radius: For LOS around 40 km derived from the GP length. 
· Delay spread: >5us
· MCL: 139dB
· Maximum UE speed: 500km/h
· Carrier frequency: below 6GHz
· Scenario: High speed scenario with cell radius up to 40 km good coverage.

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

	S15-1
	15 
	1 
	1 
	2048
	336
	176

	S15-8 
	15 
	8 
	1 
	8*2048
	336
	176

	S15-25
	15
	25
	1
	25*2048
	2048
	4*2048


Ts = 1/(30720) ms;

CATT
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;
Nokia
Long CP/GP:
Cell radius: up to 4.2 Km (9.2 Km for S15-13L) 
Delay spread: 5.2 usec
Carrier frequency: Below 6 GHz
MCL: 
	Format
	MCL (dB) for 3 Km/hr

	S15-1L
	128.8

	S15-2L
	131.2

	S15-4L
	133.2

	S15-6L
	134.8

	S15-13L
	136.8

	S15-14L
	136.8


Use case: Repeated RACH OFDM symbols can be used for coverage extension and, if needed, Rx beam sweeping at the gNB. 
	Format 
	SCS(kHz) 
	N_OS 
	N_RP 
	T_SEQ (Ts) 
	T_CP (Ts) 
	T_GP (Ts) 
	Roots per slot
	Sig per root

	S15-1L
	15 
	1 
	1 
	2048
	1024
	864
	9
	2

	S15-2L
	15 
	2 
	1 
	2 x 2048
	1024
	864
	5
	2

	S15-4L
	15 
	4 
	1 
	4 x 2048
	1024
	864
	3
	2

	S15-6L 
	15 
	6 
	1 
	6 x 2048
	1024
	864
	2
	2

	S15-13L 
	15 
	13 
	1 
	13 x 2048
	2048
	1888
	1
	1

	S15-14L 
	15 
	14 
	1 
	14 x 2048
	1024
	864
	1
	2


Ts = 1/(30720) ms;

Example allocation of RACH preambles in one UL slot allocated to RACH




Short CP/GP
Cell radius up to 1.7 Km (4.2 Km for S15-13S). Higher multiplexing capacity compared to the Long CP/GP. 
Delay spread: 5.2 usec
Carrier frequency: Below 6 GHz
MCL: 
	Format
	MCL (dB) for 3 Km/hr

	S15-1S
	129.2

	S15-2S
	131.8

	S15-4S
	133.4

	S15-6S
	134.6

	S15-13S
	136.7

	S15-14S
	136.8


Use case: Repeated RACH OFDM symbols can be used for coverage extension and, if needed, Rx beam sweeping at the gNB. The short CP formats provide higher multiplexing capacity than the long CP formats.
 
	Format 
	SCS(kHz) 
	N_OS 
	N_RP 
	T_SEQ (Ts) 
	T_CP (Ts) 
	T_GP (Ts) 
	Roots per slot
	Sig per root

	S15-1S
	15 
	1 
	1 
	2048
	512
	352
	11
	4

	S15-2S
	15 
	2 
	1 
	2 x 2048
	512
	352
	6
	4

	S15-4S
	15 
	4 
	1 
	4 x 2048
	512
	352
	3
	4

	S15-6S 
	15 
	6 
	1 
	6 x 2048
	512
	352
	2
	4

	S15-13S 
	15 
	13 
	1 
	13 x 2048
	1024
	864
	1
	2

	S15-14S 
	15 
	14 
	1 
	14 x 2048
	512
	352
	1
	4


Ts = 1/(30720) ms;

Example allocation of RACH preambles in one UL slot allocated to RACH




Intel
Use cases for each proposed PRACH preamble format:
S15-1: 
· Maximum cell radius: 5.3km is derived from the GP length
· Delay spread: up to 5us
· Maximum UE speed: 120km/h
· Carrier frequency: above 6GHz, below 6GHz
· Scenario: small cell, gNB without Rx analog beams
S15-2: 
· Maximum cell radius: 5.7km is derived from the GP length
· Delay spread: up to 5us
· Maximum UE speed: 120km/h
· Carrier frequency: above 6GHz, below 6GHz
· Scenario: small cell, gNB with 2 Rx analog beams

S15-4: 
· Maximum cell radius: 6.4km is derived from the GP length
· Delay spread: up to 5us
· Maximum UE speed: 120km/h
· Carrier frequency: above 6GHz, below 6GHz
· Scenario: medium cell, gNB with 4 Rx analog beams

S15-8: 
· Maximum cell radius: 7.8km is derived from the GP length
· Delay spread: up to 5us
· Maximum UE speed: 120km/h
· Carrier frequency: above 6GHz, below 6GHz
· Scenario: medium cell, gNB with 8 Rx analog beams

S15-13: 
· Maximum cell radius: 10km is derived from the GP length
· Delay spread: up to 5us
· Maximum UE speed: 120km/h
· Carrier frequency: above 6GHz, below 6GHz
· Scenario: large cell up to 10km

	Format
	SCS(kHz)
	N_OS
	N_RP
	T_SEQ (Ts)
	T_CP (Ts)
	T_GP (Ts)
	# of data symbols

	S15-1
	15
	1
	1
	2048
	1248
	1088
	2 symbols

	S15-2
	15
	2
	1
	2*2048
	1320
	1160
	3 symbols

	S15-4
	15
	3
	1
	4*2048
	1464
	1304
	5 symbols

	S15-8
	15
	6
	1
	8*2048
	1752
	1608
	9 symbols

	S15-13
	15
	13
	1
	13*2048
	2048
	2048
	14 symbols



Ts = 1/(30720) ms;	

LG Electronics
Use cases for each proposed PRACH preamble format:
S15-2: 
· Maximum cell radius: 0.7km (format A1) 8.5km (format A2) 5.3km (format B) derived from CP length
· Delay spread: up to 5us
· MCL: 133dB (fading channel, 2Rx antenna)
· Maximum UE speed: 120km/h
· Carrier frequency: below 6GHz
· Scenario: Indoor or small cell scenario with cell radius up to 0.7 km (Rx processing with 2 sequences) or medium cell scenario with cell radius up to 5.3 or 8.5km (Rx processing with 1 sequences) / Support beam sweep (format A1)

S15-4: 
· Maximum cell radius: 2.1km (format A1) 8.5 (format A2) 6.0km (format B) derived from CP length
· Delay spread: up to 5us
· MCL: 136dB (fading channel, 2Rx antenna)
· Maximum UE speed: 120km/h
· Carrier frequency: below 6GHz
· Scenario: medium cell scenario with cell radius up to 2.1 km (Rx processing with 4 sequences) or medium cell scenario with cell radius up to 6 or 8.5km (Rx processing with 3 sequences) / Support beam sweeping
S15-6: 
· Maximum cell radius: 3.5km (format A1) 8.5km (format A2) 6.7km (format B) derived from CP length
· Delay spread: up to 5us
· MCL: 138dB (fading channel, 2Rx antenna)
· Maximum UE speed: 120km/h
· Carrier frequency: below 6GHz
· Scenario: medium cell scenario with cell radius up to 3.5 km (Rx processing with 6 sequences) or medium cell scenario with cell radius up to 6.7km or 8.5km (Rx processing with 5 sequences) / Support beam sweep
S15-12: 
· Maximum cell radius: 8.5km derived from CP length 
· Delay spread: up to 5us
· MCL: 140dB (fading channel, 2Rx antenna)
· Maximum UE speed: 120km/h
· Carrier frequency: below 6GHz
· Scenario: medium cell scenario with cell radius up to 8.5 km / Support beam sweep
S15-14: 
· Maximum cell radius: 8.5km derived from CP length
· Delay spread: up to 5us
· MCL: 140dB (fading channel, 2Rx antenna)
· Maximum UE speed: 120km/h
· Carrier frequency: below 6GHz
· Scenario: medium cell scenario with cell radius up to 8.5 km / Support beam sweep







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

	S15-2A1
	15 
	2 
	1 
	2048*2
	144*2
	0

	S15-2A2
	15
	2
	1
	2048
	2048+144*2
	0

	S15-2B
	15
	2
	1
	2048
	1240
	1096

	S15-4A1
	15
	4
	1
	2048x4
	144*4
	0

	S15-4A2
	15
	4
	1
	2048*3
	2624
	0

	S15-4B
	15
	4
	1
	2048*3
	1384
	1240

	S15-6A1
	15
	6
	1
	2048*6
	144*6
	0

	S15-6A2
	15
	6
	1
	2048*5
	2912
	0

	S15-6B
	15
	6
	1
	2048*5
	1528
	1384

	S15-12
	15
	12
	1
	2048*11
	1960
	1816

	S15-14
	15
	14
	1
	2048*13
	2104
	1960


Ts = 1/(30720) ms;
Note 1: For format A1 and A2, one OFDM symbol after the end of RACH block (a set of consecutive RACH preamble resources) is used as guard period.
Note 2: RACH preamble is aligned with OFDM symbol boundary
Note 3: Maximum cell radius can be scaled according to sub-carrier spacing.
Note 4: Preamble format can be scaled according to subcarrier spacing. (Ts =1/(2*30720) ms for 30kHz subcarrier spacing, Ts =1/(4*30720) ms for 60kHz subcarrier spacing, Ts =1/(8*30720) ms for 120kHz subcarrier spacing)
Qualcomm
Clarification: We assume, RACH_CP = RACH_GT + data_CP, i.e., the combination of GT at the end of the PRACH preamble and the CP of the next symbol help to reduce interference from the PRACH preamble.
S15-2: 
· Maximum cell radius: 850m 
· Maximum delay spread: 1.2us
· Carrier frequency: below 6GHz
S15-11:
· Maximum cell radius from CP/GT: 8.9km
· Maximum delay spread of 4.68us
· Carrier frequency: below 6GHz
· Note: This format is for 15kHz slot structure of 1ms. PRACH avoids two DLCB symbols of 15kHz SCS 

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

	S15-2
	15
	2
	1
	2*2048
	216
	72

	S15-11
	15 
	11 
	1 
	11*2048
	1968
	1824


Ts = 1/30720 ms;

PRACH preamble formats for sequence length 127/139 and SCS = 30kHz
Ericsson
Use cases for each proposed PRACH preamble format:
S30-1: Indoor or very small cell with CP as guard
· Maximum cell radius: For LOS around 350 m derived from the CP length
· Delay spread: up to 2.5 us
· MCL: 134 dB
· Maximum UE speed: 500 km/h 
· Carrier frequency: below 6 GHz
· Scenario: Indoor or very small cell up to 350 meters. No receiver beam sweep

S30-2: Indoor or small cell. Roundtrip time and delay spread within the twice ordinary CP
· Maximum cell radius: For LOS around 700 m derived from the GP length
· Delay spread: up to 2.5 us
· MCL: 137 dB
· Maximum UE speed: 500 km/h 
· Carrier frequency: below 6 GHz
· Scenario: Indoor or small cell up to 700 meters. Up to two receiver beams sweep

S30-6: Medium size cell. Guard time defines maximum delay
· Maximum cell radius: For LOS around 7.5 km derived from the GP length
· Delay spread: >5 us
· MCL: 141 dB
· Maximum UE speed: 500 km/h 
· Carrier frequency: below 6 GHz
· Scenario: Medium cell up to 7.5 km with good coverage (accumulate all OFDM symbols) or medium cell up 5 km with up to 5 receiver beams sweep



 S30-13: Large size cell. Guard time define maximum delay
· Maximum cell radius: For LOS around 10 km derived from the GP length. Around 45 km if using one additional half slot (0.25 ms) as guard.
· Delay spread: >5 us
· MCL: 144 dB
· Maximum UE speed: 500 km/h 
· Carrier frequency: below 6 GHz
· Scenario: Large cell up to 10 km with good coverage (accumulate all OFDM symbols) or medium cell up 5 km with up to 12 receiver beams sweep

S30-14: Medium size cell. Guard time define maximum delay
· Maximum cell radius: For LOS around 5 km derived from the GP length. Around 40 km if using one additional half slot (0.25 ms) as guard.
· Delay spread: >5 us
· MCL: 145 dB
· Maximum UE speed: 500 km/h 
· Carrier frequency: below 6 GHz
· Scenario: Medium cell up to 5 (or 40) km with good coverage (accumulate all OFDM symbols) or up to 13 receiver beams sweep

S30-27: Large size cell. Guard time define maximum delay
· Maximum cell radius: For LOS around 15 km derived from the GP length. Around 50 km if using one additional half slot (0.25 ms) as guard.
· Delay spread: >5 us
· MCL: 148 dB
· Maximum UE speed: 500 km/h 
· Carrier frequency: below 6 GHz
· Scenario: Large cell up to 15 (or 50) km with good coverage (accumulate all OFDM symbols) or medium cell up 5 km with up to 26 receiver beams sweep
	Format 
	SCS(kHz) 
	N_OS 
	N_RP 
	T_SEQ (Ts) 
	T_CP (Ts) 
	T_GP (Ts) 

	S30-1
	30
	1
	1
	1024
	72
	0

	S30-2
	30
	2
	1
	2*1024
	72
	72

	S30-6
	30
	6
	1
	5*1024
	1024
	1536

	S30-13
	30
	13
	1
	12*1024
	1024
	2048

	S30-14
	30
	14
	1
	13*1024
	1024
	1024

	S30-27
	30
	27
	1
	26*1024
	1024
	3072


Ts = 1/(30720) ms;
DOCOMO
Use cases for each proposed PRACH preamble format:
S30-1: 
· Maximum cell radius: 2.6km is derived from the GP length
· Delay spread: up to 2.5us
· MCL: 125dB (below 6GHz)
· Maximum UE speed: 60km/h
· Carrier frequency: below 6GHz/above 6GHz
· Scenario: RACH resource allocation with 2*2^n data symbol duration based on 30*2^n kHz SCS

S30-2: 
· Maximum cell radius: 2.8km is derived from the GP length
· Delay spread: up to 2.5us
· MCL: 128dB (below 6GHz)
· Maximum UE speed: 60km/h
· Carrier frequency: below 6GHz/above 6GHz
· Scenario: RACH resource allocation with 3*2^n data symbol duration based on 30*2^n kHz SCS. 
                 For TRP Rx beam sweeping case and coverage improvement by accumulation of OFDM symbols.
S30-4: 
· Maximum cell radius: 3.1km is derived from the GP length
· Delay spread: up to 2.5us
· MCL: 131dB (below 6GHz)
· Maximum UE speed: 60km/h
· Carrier frequency: below 6GHz/above 6GHz
· Scenario: RACH resource allocation with 5*2^n data symbol duration based on 30*2^n kHz SCS. 
                 For TRP Rx beam sweeping case and coverage improvement by accumulation of OFDM symbols.

S30-11: 
· Maximum cell radius: 4.4km is derived from the GP length
· Delay spread: up to 2.5us
· MCL: 135dB (below 6GHz)
· Maximum UE speed: 60km/h
· Carrier frequency: below 6GHz/above 6GHz
· Scenario: RACH resource allocation with 12*2^n data symbol duration based on 30*2^n kHz SCS. 
                 For TRP Rx beam sweeping case and coverage improvement by accumulation of OFDM symbols.


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

	S30-1 
	30
	1 
	1 
	1024
	624
	544

	S30-2 
	30
	2 
	1 
	2048
	660
	580

	S30-4 
	30
	4 
	1 
	4096
	732
	652

	S30-11 
	30
	11 
	1 
	11264
	988
	908


Ts = 1/(30720) ms;

HUAWEI
S30-1: 
· 500us time duration for PUSCH with 30kHz SCS
· Maximum cell radius from CP/GT: 4.6 km  with a maximum delay spread of  2.34us
· Carrier frequency: below 6GHz

S30-2: 
· 250us time duration for PUSCH with 60kHz SCS
· Maximum cell radius from CP/GT: 4.8 km  with a maximum delay spread of  1.17us
· Carrier frequency: below 6GHz

S30-3: 
· 500us time duration for PUSCH with 30kHz SCS
· Maximum cell radius from CP/GT: 4.6 km  with a maximum delay spread of  2.34us
· Carrier frequency: below 6GHz
· For 2-stage  detection

S30-4: 
· 250us time duration for PUSCH with 60kHz SCS
· Maximum cell radius from CP/GT: 2.3 km  with a maximum delay spread of  1.17us
· Carrier frequency: below 6GHz
· For 2-stage  detection
	Format 
	SCS(kHz) 
	N_OS 
	N_RP 
	T_SEQ (Ts) 
	T_CP (Ts) 
	T_GP (Ts) 

	S30-1
	30 
	13 
	1 
	13*1024
	1024
	1024

	S30-2 
	30 
	5
	1 
	5*1024
	1024
	1536

	S30-3
	30 
	6 
	2
	6*1024
	1024
	1024

	S30-4
	30 
	3
	2 
	3*1024
	512
	512


Ts = 1/30720 ms
CATT
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

	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;
Nokia
Long CP/GP
Cell radius up to 2.1 Km (4.6 Km for S30-13L) 
Delay spread: 2.6 usec
Carrier frequency: Below 6 GHz
MCL: 
	Format
	MCL (dB) for 3 Km/hr

	S30-1L
	125.9

	S30-2L
	128.2

	S30-4L
	130.4

	S30-6L
	131.8

	S30-13L
	133.6

	S30-14L
	134.2


Use case: Repeated RACH OFDM symbols can be used for coverage extension and, if needed, Rx beam sweeping at the gNB.

	Format 
	SCS(kHz) 
	N_OS 
	N_RP 
	T_SEQ (Ts) 
	T_CP (Ts) 
	T_GP (Ts) 
	Roots per slot
	Sig per root

	S30-1L
	30 
	1 
	1 
	1024
	512
	432
	9
	2

	S30-2 L
	30 
	2 
	1 
	2 x 1024
	512
	432
	5
	2

	S30-4L
	30 
	4 
	1 
	4 x 1024
	512
	432
	3
	2

	S30-6L 
	30 
	6 
	1 
	6 x 1024
	512
	432
	2
	2

	S30-13L 
	30 
	13 
	1 
	13 x 1024
	1024
	944
	1
	1

	S30-14L 
	30 
	14 
	1 
	14 x 1024
	512
	432
	1
	2


Ts = 1/(30720) ms;

Short CP/GP
Cell radius up to 0.86 Km (2.1 Km for S30-13S). Higher multiplexing capacity compared to the Long CP/GP. 
Delay spread: 2.6 usec
Carrier frequency: Below 6 GHz

MCL: 
	Format
	MCL (dB) for 3 Km/hr

	S30-1S
	126.5

	S30-2S
	128.3

	S30-4S
	130.4

	S30-6S
	131.6

	S30-13S
	133.9

	S30-14S
	133.8


Use case: Repeated RACH OFDM symbols can be used for coverage extension and, if needed, Rx beam sweeping at the gNB. The short CP formats provide higher multiplexing capacity than the long CP formats.
	Format 
	SCS(kHz) 
	N_OS 
	N_RP 
	T_SEQ (Ts) 
	T_CP (Ts) 
	T_GP (Ts) 
	Roots per slot
	Sig per root

	S30-1S
	30 
	1 
	1 
	1024
	256
	176
	11
	4

	S30-2S
	30
	2 
	1 
	2 x 1024
	256
	176
	6
	4

	S30-4S
	30
	4 
	1 
	4 x 1024
	256
	176
	3
	4

	S30-6S 
	30
	6 
	1 
	6 x 1024
	256
	176
	2
	4

	S30-13S 
	30
	13 
	1 
	13 x 1024
	512
	432
	1
	2

	S30-14S 
	30
	14 
	1 
	14 x 1024
	256
	176
	1
	4


Ts = 1/(30720) ms;

Intel
Use cases for each proposed PRACH preamble format:
S30-1: 
· Maximum cell radius: 2.7km is derived from the GP length
· Delay spread: up to 2.5us
· Maximum UE speed: 120km/h
· Carrier frequency: above 6GHz, below 6GHz
· Scenario: small cell, gNB without Rx analog beams
S30-2: 
· Maximum cell radius: 2.8km is derived from the GP length
· Delay spread: up to 2.5us
· Maximum UE speed: 120km/h
· Carrier frequency: above 6GHz, below 6GHz
· Scenario: small cell, gNB with 2 Rx analog beams

S30-4: 
· Maximum cell radius: 3.2km is derived from the GP length
· Delay spread: up to 2.5us
· Maximum UE speed: 120km/h
· Carrier frequency: above 6GHz, below 6GHz
· Scenario: medium cell, gNB with 4 Rx analog beams

S30-8: 
· Maximum cell radius: 3.9km is derived from the GP length
· Delay spread: up to 2.5us
· Maximum UE speed: 120km/h
· Carrier frequency: above 6GHz, below 6GHz
· Scenario: medium cell, gNB with 8 Rx analog beams

S30-13: 
· Maximum cell radius: 5km is derived from the GP length
· Delay spread: up to 2.5us
· Maximum UE speed: 120km/h
· Carrier frequency: above 6GHz, below 6GHz
· Scenario: large cell up to 5km

	Format
	SCS(kHz)
	N_OS
	N_RP
	T_SEQ (Ts)
	T_CP (Ts)
	T_GP (Ts)
	# of data symbols

	S30-1
	30
	1
	1
	1024
	624
	544
	2 symbols

	S30-2
	30
	2
	1
	2*1024
	660
	580
	3 symbols

	S30-4
	30
	3
	1
	4*1024
	732
	652
	5 symbols

	S30-8
	30
	6
	1
	8*1024
	876
	812
	9 symbols

	S30-13
	30
	13
	1
	13*1024
	1024
	1024
	14 symbols



Ts = 1/(30720) ms;	





Qualcomm
Clarification: We assume, RACH_CP = RACH_GT + data_CP, i.e., the combination of GT at the end of the PRACH preamble and the CP of the next symbol help to reduce interference from the PRACH preamble.

S30-5:
· Maximum cell radius from CP/GT: 3.35 km 
· Maximum delay spread of 2.34us
· Carrier frequency: below 6GHz
· Note: This format is for 60kHz slot structure of 250us. PRACH avoids two DLCB symbols of 60kHz SCS 

S30-11:
· Maximum cell radius from CP/GT: 4.4 km 
· Maximum delay spread of 2.34us
· Carrier frequency: below 6GHz
· Note: This format is for 30kHz slot structure of 500us. PRACH avoids two DLCB symbols of 30kHz SCS 

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

	S30-5
	30
	5
	1
	5*1024
	764
	692

	S30-11
	30
	11
	1
	11*1024
	980
	908



Ts = 1/(30720) ms;

PRACH preamble formats for sequence length 127/139 and SCS = 60kHz
Ericsson
Use cases for each proposed PRACH preamble format:
S60-1: Indoor or very small cell with CP as guard
· Maximum cell radius: For LOS around 175 m derived from the CP length
· Delay spread: up to 2.5 us
· MCL: 131 dB (AWGN, 2 rx antennas)
· Maximum UE speed: 120 km/h (for 30 GHz carrier)
· Carrier frequency: above 6 GHz 
· Scenario: Indoor or very small cell up to 175 meters. No receiver beam sweep


S60-2: Indoor or small cell. Roundtrip time and delay spread within the twice ordinary CP
· Maximum cell radius: For LOS around 350 m derived from the GP length
· Delay spread: up to 2.5 us
· MCL: 134 dB
· Maximum UE speed: 120 km/h
· Carrier frequency: above 6 GHz 
· Scenario: Indoor or small cell up to 350 meters. Up to two receiver beams sweep

S60-6: Medium size cell. Guard time defines maximum delay
· Maximum cell radius: For LOS around 3.75 km derived from the GP length
· Delay spread: >5 us
· MCL: 138 dB
· Maximum UE speed: 60 km/h
· Carrier frequency: above 6 GHz 
· Scenario: Medium cell up to 3.75 km with good coverage (accumulate all OFDM symbols) or medium cell up 2.5 km with up to 5 receiver beams sweep

 S60-13: Large size cell. Guard time define maximum delay
· Maximum cell radius: For LOS around 5 km derived from the GP length. Around 23 km if using one additional half slot (0.125 ms) as guard.
· Delay spread: >5 us
· MCL: 141 dB
· Maximum UE speed: 60 km/h
· Carrier frequency: above 6 GHz
· Scenario: Large cell up to 5 km with good coverage (accumulate all OFDM symbols) or medium cell up 2.5 km with up to 12 receiver beams sweep

S60-14: Medium size cell. Guard time define maximum delay
· Maximum cell radius: For LOS around 2.5 km derived from the GP length. Around 20 km if using one additional half slot (0.125 ms) as guard.
· Delay spread: >5 us
· MCL: 142 dB
· Maximum UE speed: 60 km/h
· Carrier frequency: above 6 GHz  
· Scenario: Medium cell up to 2.5 km with good coverage (accumulate all OFDM symbols) or up to 13 receiver beams sweep


S60-27: Large size cell. Guard time define maximum delay
· Maximum cell radius: For LOS around 7.5 km derived from the GP length. Around 25 km if using one additional half slot (0.125 ms) as guard.
· Delay spread: >5 us
· MCL: 145 dB
· Maximum UE speed: 30 km/h
· Carrier frequency: above 6 GHz 
· Scenario: Large cell up to 7.5 (or 25) km with good coverage (accumulate all OFDM symbols) or medium cell up 2.5 km with up to 26 receiver beams sweep
	Format 
	SCS(kHz) 
	N_OS 
	N_RP 
	T_SEQ (Ts) 
	T_CP (Ts) 
	T_GP (Ts) 

	S60-1
	60
	1
	1
	512
	36
	0

	S60-2
	60
	2
	1
	2*512
	36
	36

	S60-6
	60
	6
	1
	5*512
	512
	768

	S60-13
	60
	13
	1
	12*512
	512
	1024

	S60-14
	60
	14
	1
	13*512
	512
	512

	S60-27
	60
	27
	1
	26*512
	512
	1536


Ts = 1/(30720) ms;

Samsung
Use cases for each proposed PRACH preamble format:
S60-1: Small cell
· Maximum cell radius: For LOS around 1.25k m derived from the GP length
· Delay spread: up to 1 us
· MCL: 128 dB 
· Maximum UE speed: 120 km/h 
· Carrier frequency: above 6 GHz 
· Scenario: 1.25km coverage. For the case that TRP has beam correspondence or beam sweep at TRP

S60-4: Medium cell
· Maximum cell radius: For LOS around 2.5k m derived from the GP length
· Delay spread: up to 1 us
· MCL: 134 dB 
· Maximum UE speed: 120 km/h 
· Carrier frequency: above 6 GHz 
· Scenario: 2.5km coverage. For the case that TRP has beam correspondence or beam sweep at TRP

S60-13: Medium cell
· Maximum cell radius: For LOS around 2.5k m derived from the GP length
· Delay spread: up to 1 us
· MCL: 132 dB 
· Maximum UE speed: 120 km/h 
· Carrier frequency: above 6 GHz 
· Scenario: 2.5km coverage. For the scenario that TRP doesn’t have beam correspondence

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

	S60-1
	60
	1
	1
	512
	256
	256

	S60-4
	60
	4
	1
	4*512
	512
	512

	S60-13
	60
	13
	1
	13*512
	512
	512


Ts = 1/(30720) ms;

DOCOMO 
Use cases for each proposed PRACH preamble format:
S60-1: 
· Maximum cell radius: 1.3km is derived from the GP length
· Delay spread: up to 1.25us
· MCL: 139dB (above 6GHz)
· Maximum UE speed: 60km/h
· Carrier frequency: below 6GHz/above 6GHz
· Scenario: RACH resource allocation with 2*2^n data symbol duration based on 60*2^n kHz SCS

S60-2: 
· Maximum cell radius: 1.4km is derived from the GP length
· Delay spread: up to 1.25us
· MCL: 142dB (above 6GHz)
· Maximum UE speed: 60km/h
· Carrier frequency: below 6GHz/above 6GHz
· Scenario: RACH resource allocation with 3*2^n data symbol duration based on 60*2^n kHz SCS. 
                 For TRP Rx beam sweeping case and coverage improvement by accumulation of OFDM symbols.




S60-4: 
· Maximum cell radius: 1.5km is derived from the GP length
· Delay spread: up to 1.25us
· MCL: 145dB (above 6GHz)
· Maximum UE speed: 60km/h
· Carrier frequency: below 6GHz/above 6GHz
· Scenario: RACH resource allocation with 5*2^n data symbol duration based on 60*2^n kHz SCS. 
                 For TRP Rx beam sweeping case and coverage improvement by accumulation of OFDM symbols.

S60-11: 
· Maximum cell radius: 2.2km is derived from the GP length
· Delay spread: up to 1.25us
· MCL: 149dB (above 6GHz)
· Maximum UE speed: 60km/h
· Carrier frequency: below 6GHz/above 6GHz
· Scenario: RACH resource allocation with 12*2^n data symbol duration based on 60*2^n kHz SCS. 
                 For TRP Rx beam sweeping case and coverage improvement by accumulation of OFDM symbols.

Note: Please use the template below:
	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 
	1024
	330
	290

	S60-4 
	60
	4 
	1 
	2048
	366
	326

	S60-11 
	60
	11 
	1 
	5632
	494
	454


Ts = 1/(30720) ms;

HUAWEI 
S60-1: 
· 250us time duration for PUSCH with 60kHz SCS
· Maximum cell radius from CP/GT: 2.3 km with a maximum delay spread of 1.17us
· Carrier frequency: above 6GHz

S60-2: 
· 125us time duration for PUSCH with 120kHz SCS
· Maximum cell radius from CP/GT: 2.4 km with a maximum delay spread of  0.58us
· Carrier frequency: above 6GHz
S60-3: 
· 58.33us time duration (2 preamble formats / 125us) and GT is at the end of a time slot for PUSCH with 120kHz SCS
· Maximum cell radius from CP/GT:1.2 km with a maximum delay spread of 1.17us
· Carrier frequency: above 6GHz

S60-4: 
· 60.93us time duration (2 preamble formats / 125us). ) and GT is at the end of a time slot for PUSCH with 120kHz SCS 
· Maximum cell radius from CP/GT: 0.5 km with a maximum delay spread of 0.4us
· Carrier frequency: above 6GHz
	Format 
	SCS(kHz) 
	N_OS 
	N_RP 
	T_SEQ (Ts) 
	T_CP (Ts) 
	T_GP (Ts) 

	S60-1
	60
	13 
	1 
	13*512
	512
	512

	S60-2 
	60
	5
	1 
	5*512
	512
	768	

	S60-3
	60
	1
	2
	512
	384
	256

	S60-4
	60
	1
	3
	512
	112
	96


Ts = 1/30720 ms 

ZTE
Use cases for each proposed PRACH preamble format:
S60-1: 
· Maximum cell radius: For UMA LOS around 3.5km, for UMa NLOS channel model around 200m, 550m derived from the GP length
· Delay spread: up to 1us
· MCL: 133dB
· Maximum UE speed: 3km/h
· Carrier frequency: above 6GHz, eg.30GHz
· Scenario: Small cell scenario with cell radius up to 0.2km and UMa NLOS channel model.
S60-8:
· Maximum cell radius: For UMA LOS around 3.5km, for UMa NLOS channel model around 200m, 550m derived from the GP length
· Delay spread: up to 1us
· MCL: 133dB
· Maximum UE speed: 3km/h
· Carrier frequency: above 6GHz, eg.30GHz
· Scenario: Small cell scenario with cell radius up to 0.2km and UMa NLOS channel model.


S60-14:
· Maximum cell radius: For UMA LOS around 3.5km, for UMa NLOS channel model around 200m, 550m derived from the GP length
· Delay spread: up to 1us
· MCL: 133dB
· Maximum UE speed: 3km/h
· Carrier frequency: above 6GHz, eg.30GHz
· Scenario: Small cell scenario with cell radius up to 0.2km and UMa NLOS channel model.

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

	S60-1 
	60
	1 
	1 
	512
	144
	112

	S60-8 
	60
	8 
	1 
	8*512
	144
	112

	S60-14 
	60
	14 
	1 
	14*512
	144
	112


Ts = 1/(30720) ms;

CATT
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;

Nokia
Cell radius up to 1.05 Km (2.3 Km for S60-13) 
Delay spread: 1.3 usec
Carrier frequency: Above 6 GHz
MCL: 
	Format
	MCL (dB) for 3 Km/hr

	S60-1
	120.2

	S60-2
	122.5

	S60-4
	124.6

	S60-6
	125.9

	S60-13
	TBD

	S60-14
	TBD


Use case: Repeated RACH OFDM symbols can be used for RX beam sweeping at the gNB and coverage extension.
	Format 
	SCS(kHz) 
	N_OS 
	N_RP 
	T_SEQ (Ts) 
	T_CP (Ts) 
	T_GP (Ts) 
	Roots per slot
	Sig per root

	S60-1
	60 
	1 
	1 
	512
	256
	216
	9
	2

	S60-2
	60 
	2 
	1 
	2 x 512
	256
	216
	5
	2

	S60-4
	60 
	4 
	1 
	4 x 512
	256
	216
	3
	2

	S60-6 
	60 
	6 
	1 
	6 x 512
	256
	216
	2
	2

	S60-13 
	60 
	13 
	1 
	13 x 512
	512
	472
	1
	1

	S60-14 
	60 
	14 
	1 
	14 x 512
	256
	216
	1
	2


Ts = 1/(30720) ms;


Intel
Use cases for each proposed PRACH preamble format:
S60-1: 
· Maximum cell radius: 1.3km is derived from the GP length
· Delay spread: up to 1.25us
· Maximum UE speed: 120km/h
· Carrier frequency: above 6GHz
· Scenario: small cell, gNB without Rx analog beams
S60-2: 
· Maximum cell radius: 1.4km is derived from the GP length
· Delay spread: up to 1.25us
· Maximum UE speed: 120km/h
· Carrier frequency: above 6GHz
· Scenario: small cell, gNB with 2 Rx analog beams

S60-4: 
· Maximum cell radius: 1.6km is derived from the GP length
· Delay spread: up to 1.25us
· Maximum UE speed: 120km/h
· Carrier frequency: above 6GHz
· Scenario: medium cell, gNB with 4 Rx analog beams



S60-8: 
· Maximum cell radius: 1.8km is derived from the GP length
· Delay spread: up to 1.25us
· Maximum UE speed: 120km/h
· Carrier frequency: above 6GHz
· Scenario: medium cell, gNB with 8 Rx analog beams

S60-64: 
· Maximum cell radius: 1.6km is derived from the GP length
· Delay spread: up to 1.25us
· Maximum UE speed: 120km/h
· Carrier frequency: above 6GHz
· Scenario: gNB with 64 Rx analog beams

	Format
	SCS(kHz)
	N_OS
	N_RP
	T_SEQ (Ts)
	T_CP (Ts)
	T_GP (Ts)
	# of data symbols

	S60-1
	60
	1
	1
	512
	312
	272
	2 symbols

	S60-2
	60
	2
	1
	2*512
	330
	290
	3 symbols

	S60-4
	60
	4
	1
	4*512
	366
	326
	5 symbols

	S60-8
	60
	8
	1
	8*512
	438
	414
	9 symbols

	S60-64
	60
	64
	1
	64*512
	366
	342
	65 symbols



Ts = 1/(30720) ms;	












Qualcomm
Clarification:
1. The MCL values are calculated based on our previous RAN1 contribution. These MCL values are all generated based on post beamforming SNR and CDL-C model. The actual path loss supported by these preamble formats will be higher due to gNB and UE’s array gain.
2. We assume, RACH_CP = RACH_GT + data_CP, i.e., the combination of GT at the end of the PRACH preamble and the CP of the next symbol help to reduce interference from the PRACH preamble.

S60-1:
· MCL: 123.6 dB (CDL-C, 2 RX antenna)
· Maximum cell radius: For LOS around 80m
· Delay spread: up to 600ns
· Maximum UE speed: 100km/h
· Carrier frequency: over 6GHz
· Scenario: Two symbols are preserved for DLCB. Twelve different PRACH preambles can be allocated in a 14 symbol slot.

S60-2: 
· MCL: 126.6 dB (CDL-C, 2 RX antenna)
· Maximum cell radius: For LOS around 170m
· Delay spread: up to 600ns
· Maximum UE speed: 100km/h
· Carrier frequency: over 6GHz
· Scenario: Two symbols are preserved for DLCB. Six different preambles can be allocated in a 14 symbol slot.

S60-4: 
· MCL: 129.6 dB (CDL-C, 2 RX antenna)
· Maximum cell radius: For LOS around 340m
· Delay spread: up to 600ns
· Maximum UE speed: 100km/h
· Carrier frequency: over 6GHz
· Scenario: Two symbols are preserved for DLCB. Three different PRACH preambles can be allocated in a 14 symbol slot. 




S60-12: 
· MCL: 133 dB dB (CDL-C, 2 RX antenna)
· Maximum cell radius: For LOS around 1 km
· Delay spread: up to 600ns
· Scenario: Applicable when gNB employs digital RX sub-systems to receive from many directions and maps multiple SS blocks to this PRACH preamble format. It should not be applicable in scenarios where gNB has analog beamforming constraint and requires 64 time division multiplexed PRACH resources that correspond to 64 SS blocks.

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

	S60-1 
	60
	1 
	1 
	512
	36
	0

	S60-2 
	60
	2 
	1 
	2 * 512
	54
	18

	S60-4 
	60
	4 
	1 
	4 * 512
	90
	54

	S60-12 
	60
	12 
	1 
	12 * 512
	234
	198



Ts = 1/30720 ms;

PRACH preamble formats for sequence length 127/139 and SCS = 120kHz
Ericsson
Use cases for each proposed PRACH preamble format:
S120-1: Indoor or very small cell with CP as guard
· Maximum cell radius: For LOS around 88 m derived from the CP length
· Delay spread: up to 0.6 us
· MCL: 128 dB
· Maximum UE speed: 120 km/h  
· Carrier frequency: above 6 GHz
· Scenario: Indoor or very small cell up to 88 meters. No receiver beam sweep
S120-2: Indoor or small cell. Roundtrip time and delay spread within the twice ordinary CP
· Maximum cell radius: For LOS around 175 m derived from the GP length
· Delay spread: up to 0.6 us
· MCL: 131 dB
· Maximum UE speed: 120 km/h
· Carrier frequency: above 6 GHz
· Scenario: Indoor or small cell up to 175 meters. Up to two receiver beams sweep


S120-6: Medium size cell. Guard time defines maximum delay
· Maximum cell radius: For LOS around 1.9 km derived from the GP length
· Delay spread: >5 us
· MCL: 135 dB
· Maximum UE speed: 120 km/h
· [bookmark: _GoBack]Carrier frequency: above 6 GHz
· Scenario: Medium cell up to 1.9 km with good coverage (accumulate all OFDM symbols) or medium cell up 1.25 km with up to 5 receiver beams sweep
 S120-13: Large size cell. Guard time define maximum delay
· Maximum cell radius: For LOS around 2.5 km derived from the GP length. Around 11 km if using one additional half slot (0.0625 ms) as guard.
· Delay spread: >5 us
· MCL: 138 dB
· Maximum UE speed: 120 km/h
· Carrier frequency: above 6 GHz
· Scenario: Large cell up to 2.5 km with good coverage (accumulate all OFDM symbols) or medium cell up 1.25  km with up to 12 receiver beams sweep

S120-14: Medium size cell. Guard time define maximum delay
· Maximum cell radius: For LOS around 1.25 km derived from the GP length. Around 10 km if using one additional half slot (0.0625 ms) as guard.
· Delay spread: >5 us
· MCL: 139 dB
· Maximum UE speed: 120 km/h
· Carrier frequency: above 6 GHz
· Scenario: Medium cell up to 1.25  (or 10) km with good coverage (accumulate all OFDM symbols) or up to 13 receiver beams sweep

S120-27: Large size cell. Guard time define maximum delay
· Maximum cell radius: For LOS around 3.75 km derived from the GP length. Around 12 km if using one additional half slot (0.0625 ms) as guard.
· Delay spread: >5 us
· MCL: 142 dB
· Maximum UE speed: 60 km/h
· Carrier frequency: above 6 GHz
· Scenario: Large cell up to 3.75 (or 12) km with good coverage (accumulate all OFDM symbols) or medium cell up 1.25  km with up to 26 receiver beams sweep

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

	S120-1
	120
	1
	1
	256
	18
	0

	S120-2
	120
	2
	1
	2*256
	18
	18

	S120-6
	120
	6
	1
	5*256
	256
	384

	S120-13
	120
	13
	1
	12*256
	256
	512

	S120-14
	120
	14
	1
	13*256
	256
	256

	S120-27
	120
	27
	1
	26*256
	256
	768


Ts = 1/(30720) ms;

Samsung
Use cases for each proposed PRACH preamble format:
S120-1: Small cell
· Maximum cell radius: For LOS around 0.625k m derived from the GP length
· Delay spread: up to 1 us
· MCL: 125 dB 
· Maximum UE speed: 120 km/h 
· Carrier frequency: above 6 GHz 
· Scenario: 0.625km coverage. For the case that TRP has beam correspondence or beam sweep at TRP

S120-4: Medium cell
· Maximum cell radius: For LOS around 1.25k m derived from the GP length
· Delay spread: up to 1 us
· MCL: 131 dB 
· Maximum UE speed: 120 km/h 
· Carrier frequency: above 6 GHz 
· Scenario: 1.25km coverage. For the case that TRP has beam correspondence or beam sweep at TRP

S120-13: Medium cell
· Maximum cell radius: For LOS around 1.25k m derived from the GP length
· Delay spread: up to 1 us
· MCL: 129 dB 
· Maximum UE speed: 120 km/h 
· Carrier frequency: above 6 GHz 
· Scenario: 1.25km coverage. For the scenario that TRP doesn’t have beam correspondence

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

	S120-1
	120
	1
	1
	256
	128
	128

	S120-4
	120
	4
	1
	4*256
	256
	256

	S120-13
	120
	13
	1
	13*256
	256
	256


Ts = 1/(30720) ms;



DOCOMO
Use cases for each proposed PRACH preamble format:
S120-1: 
· Maximum cell radius: 660m is derived from the GP length
· Delay spread: up to 0.625us
· MCL: 132dB (above 6GHz)
· Maximum UE speed: 60km/h
· Carrier frequency: below 6GHz/above 6GHz
· Scenario: RACH resource allocation with 2*2^n data symbol duration based on 120*2^n kHz SCS

S120-2: 
· Maximum cell radius: 700m is derived from the GP length
· Delay spread: up to 0.625us
· MCL: 135dB (above 6GHz)
· Maximum UE speed: 60km/h
· Carrier frequency: below 6GHz/above 6GHz
· Scenario: RACH resource allocation with 3*2^n data symbol duration based on 120*2^n kHz SCS. 
                 For TRP Rx beam sweeping case and coverage improvement by accumulation of OFDM symbols.

S120-4: 
· Maximum cell radius: 790m is derived from the GP length
· Delay spread: up to 0.625us
· MCL: 138dB (above 6GHz)
· Maximum UE speed: 60km/h
· Carrier frequency: below 6GHz/above 6GHz
· Scenario: RACH resource allocation with 5*2^n data symbol duration based on 120*2^n kHz SCS. 
                 For TRP Rx beam sweeping case and coverage improvement by accumulation of OFDM symbols.


S120-11: 
· Maximum cell radius: 1.1km is derived from the GP length
· Delay spread: up to 0.625us
· MCL: 142dB (above 6GHz)
· Maximum UE speed: 60km/h
· Carrier frequency: below 6GHz/above 6GHz
· Scenario: RACH resource allocation with 12*2^n data symbol duration based on 120*2^n kHz SCS. 
                 For TRP Rx beam sweeping case and coverage improvement by accumulation of OFDM symbols.

Note: Please use the template below:
	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 
	512
	165
	145

	S120-4 
	120
	4 
	1 
	1024
	183
	163

	S120-11 
	120
	11 
	1 
	2816
	247
	227


Ts = 1/(30720) ms;

HUAWEI 
Use cases for each proposed PRACH preamble format:
S120-1: 
· 125us time duration for PUSCH with 120kHz SCS
· Maximum cell radius from CP/GT: 1.2 km  with a maximum delay spread of  0.58us
· Carrier frequency: above 6GHz

S120-2: 
· 29.68us time duration (4 preamble formats / 125us) and GT is at the end of a time slot for PUSCH with 120kHz SCS
· Maximum cell radius from CP/GT: 0.9 km with a maximum delay spread of 1.17us
· Carrier frequency: above 6GHz

S120-3: 
· 30.46us time duration (4 preamble formats / 125us) and GT is at the end of a time slot PUSCH with 120kHz SCS
· Maximum cell radius from CP/GT: 0.2 km with a maximum delay spread of 0.4us
· Carrier frequency: above 6GHz

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

	S120-1
	120
	13 
	1 
	13*256
	256
	256

	S120-2
	120
	1
	2
	256
	200
	192

	S120-3
	120
	1
	3
	256
	56
	96


Ts = 1/30720 ms

CATT
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: 60km/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: 60km/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: 60km/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: 60km/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;
Nokia

Cell radius up to 500 m (1.15 Km for S120-13) 
Delay spread: 0.65 usec
Carrier frequency: Above 6 GHz
MCL: 
	Format
	MCL (dB) for 3 Km/hr

	S120-1
	117.1

	S120-2
	119.6

	S120-4
	122.0

	S120-6
	123.2

	S120-13
	TBD2

	S120-14
	TBD


Use case: Repeated RACH OFDM symbols can be used for RX beam sweeping at the gNB and coverage extension.
 
	Format 
	SCS(kHz) 
	N_OS 
	N_RP 
	T_SEQ (Ts) 
	T_CP (Ts) 
	T_GP (Ts) 
	Roots per slot
	Sig per root

	S120-1
	120 
	1 
	1 
	256
	128
	108
	9
	2

	S120-2
	120 
	2 
	1 
	2 x 256
	128
	108
	5
	2

	S120-4
	120 
	4 
	1 
	4 x 256
	128
	108
	3
	2

	S120-6 
	120 
	6 
	1 
	6 x 256
	128
	108
	2
	2

	S120-13 
	120 
	13 
	1 
	13 x 256
	256
	436
	1
	1

	S120-14 
	120 
	14 
	1 
	14 x 256
	128
	108
	1
	2


Ts = 1/(30720) ms;





Intel
Use cases for each proposed PRACH preamble format:
S120-1: 
· Maximum cell radius: 0.7km is derived from the GP length
· Delay spread: up to 0.625us
· Maximum UE speed: 120km/h
· Carrier frequency: above 6GHz
· Scenario: small cell, gNB without Rx analog beams

S120-2: 
· Maximum cell radius: 0.7km is derived from the GP length
· Delay spread: up to 0.625us
· Maximum UE speed: 120km/h
· Carrier frequency: above 6GHz
· Scenario: small cell, gNB with 2 Rx analog beams

S120-4: 
· Maximum cell radius: 0.8km is derived from the GP length
· Delay spread: up to 0.625us
· Maximum UE speed: 120km/h
· Carrier frequency: above 6GHz
· Scenario: small cell, gNB with 4 Rx analog beams

S120-8: 
· Maximum cell radius: 1.0km is derived from the GP length
· Delay spread: up to 0.625us
· Maximum UE speed: 120km/h
· Carrier frequency: above 6GHz
· Scenario: medium cell, gNB with 8 Rx analog beams
S120-64: 
· Maximum cell radius: 0.8km is derived from the GP length
· Delay spread: up to 0.625us
· Maximum UE speed: 120km/h
· Carrier frequency: above 6GHz
· Scenario: gNB with 64 Rx analog beams
· 
	Format
	SCS(kHz)
	N_OS
	N_RP
	T_SEQ (Ts)
	T_CP (Ts)
	T_GP (Ts)
	# of data symbols

	S120-1
	120
	1
	1
	256
	156
	136
	2 symbols

	S120-2
	120
	2
	1
	2*256
	165
	145
	3 symbols

	S120-4
	120
	4
	1
	4*256
	183
	163
	5 symbols

	S120-8
	120
	8
	1
	8*256
	219
	215
	9 symbols

	S120-64
	120
	64
	1
	64*256
	183
	179
	65 symbols



Ts = 1/(30720) ms;	

Qualcomm
Clarification:
1. The MCL values are calculated based on our previous RAN1 contribution. These MCL values are all generated based on post beamforming SNR and CDL-C model. The actual path loss supported by these preamble formats will be higher due to gNB and UE’s array gain.
2. We assume, RACH_CP = RACH_GT + data_CP, i.e., the combination of GT at the end of the PRACH preamble and the CP of the next symbol help to reduce interference from the PRACH preamble.

S120-2: 
· MCL: 123.6 dB (CDL-C, 2 RX antenna)
· Maximum cell radius: For LOS around 80m
· Delay spread: up to 300ns
· Maximum UE speed: 100km/h
· Carrier frequency: over 6GHz
· Scenario: Two symbols are preserved for DLCB. Six different PRACH preambles can be allocated in a 14 symbol slot.

S120-4: 
· MCL: 126.6 dB (CDL-C, 2 RX antenna)
· Maximum cell radius: For LOS around 160m
· Delay spread: up to 300ns
· Maximum UE speed: 100km/h
· Carrier frequency: over 6GHz
· Scenario: Two symbols are preserved for DLCB. Three different PRACH preambles can be allocated in a 14 symbol slot.


S120-12: 
· MCL: 130 dB (CDL-C, 2 RX antenna)
· Maximum cell radius: For LOS around 500m
· Scenario: Applicable when gNB employs digital RX sub-systems to receive from many directions and maps multiple SS blocks to this PRACH preamble format. It should not be applicable in scenarios where gNB has analog beamforming constraint and requires 64 time division multiplexed PRACH resources that correspond to 64 SS blocks.

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

	S120-2 
	120
	2 
	1 
	2 * 256
	27
	9

	S120-4 
	120
	4 
	1 
	4 * 256
	45
	27

	S120-12 
	120
	12 
	1 
	12 * 256
	117
	99



Ts = 1/30720 ms;

<END>
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