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1. Introduction
In RAN1 #89, there were some agreements reached on the PRACH sequence design as shown below [1].
	Agreements:
[image: ]
· FFS on restricted set
· FFS other sequence(s) for large cell radius

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 remaining issues on PRACH formats both for long sequence and short sequence.

2. PRACH formats
2.1 Sequence for L=819
According to our evaluation, 5kHz SCS shows significantly improved performance for the 500km/h scenario as given in [1]. Therefore, it is proposed to confirm the working assumption of the format 3.
One remaining issue is whether restricted set is defined or not. Even though format 3 is introduced for high speed scenario up to 500km/h, it is still possible for NW to configure PRACH formats of 1.25kHz subcarrier spacing for the cell supporting relatively high speed, e.g., 120km/h or 250 km/h rather than PRACH format 3 since PRACH format 3 requires more resources. In this case, restricted set is beneficial to be defined in order to avoid the detection ambiguities. Therefore, from the NW flexibility perspective, it is proposed to define restricted set at least for PRACH formats of 1.25kHz subcarrier spacing.
Proposal 1:
· Confirm the working assumption of PRACH format 3.
· Define a restricted set for PRACH formats of 1.25 kHz subcarrier spacing.

2.2 Sequence of L= 139 
As views were shared in [3], the following formats in table 1-4 are proposed for PRACH of L=139. The format design is based on the agreement on the maximum number of SS blocks (4, 8, 64) as shown below. 
Agreements:
· The transmission of SS blocks within SS burst set is confined to a 5 ms window regardless of SS burst set periodicity
· Within this 5 ms window, number of possible candidate SS block locations is L
· The maximum number of SS-blocks within SS burst set, L, for different frequency ranges are
· For frequency range up to 3 GHz, L is 4
· For frequency range from 3 GHz to 6 GHz, L is 8
· For frequency range from 6 GHz to 52.6 GHz, L is 64
· Note that RAN1 assumes minimum number of SS blocks transmitted within each SS burst set is one to define performance requirements

The PRACH format should support the Rx beam sweeping in gNB side and the number of Rx beams can be the same as the number of SS blocks assuming beam correspondence in gNB. Therefore, it is desirable to define PRACH formats where repetitions are 4, 8, and 64. For the system of above 6GHz with up to 64 beams, it is commonly understood that large subcarrier spacing would be used, e.g., 60kHz or 120kHz. Therefore, for supporting beam sweeping of 64 Rx beams, there can be two options.
· Option 1: Define PRACH format with 64 repetitions (NOS=64) for 60/120 kHz subcarrier spacings.
· Option 2: Transmit PRACH format (NOS < 64) multiple times until the whole Rx beam is covered
Option 1 enables simple UE behavior but the PRACH format becomes comparatively large in time domain (more than 4 slots). For option 2, in order to cover the total number of Rx beams, the UE has to transmit PRACH sequence multiple times without any power ramping. Details on this aspects is discussed in out companion contribution in [2] 
The table 1-4 assumes that the PRACH length in time domain is the sum of sequence length with possible repetitions, CP length, and GP length and it should match the length of corresponding number of data OFDM symbols for efficient resource utilization. However, depending on the actual OFDM symbol positions of the PRACH sequence inside a slot, the PRACH length can be different because there are the longer CPs (16 Ts longer) every 7 OFDM symbols. However, it is desirable to keep the PRACH transmission format (sequence length and CP length) regardless of whether longer CP is included or not. In this case, we can adjust the GP length reflecting the differences in CP length of data symbols as whon in Figure 1.
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Figure 1: Different PRACH length depending on symbol position inside a slot
Table 1: PRACH formats for 15kHz subcarrier spacing
	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
	4
	1
	4*2048
	1464
	1304
	5 symbols

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

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



Table 2: PRACH formats for 30kHz subcarrier spacing
	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
	4
	1
	4*1024
	732
	652
	5 symbols

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

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



Table 3: PRACH formats for 60kHz subcarrier spacing
	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

	S60-13
	60
	13
	1
	13*512
	512
	512
	14 symbols

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



Table 4: PRACH formats for 120kHz subcarrier spacing
	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

	S120-13
	120
	13
	1
	64*256
	256
	256
	14 symbols

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



Proposal 2:
· Define PRACH format of L=139 as shown in table 1-4.
· Rx beam sweeping of upto 64 beams should be supported by either of the following options
· Option 1: Define PRACH format with 64 repetitions (NOS=64) for 60/120 kHz subcarrier spacings.
· Option 2: Multiple transmission of PRACH format (NOS < 64) until the whole Rx beams are covered
· Adjust the GP length of PRACH format depending on the position inside a slot
3. Conclusion
This contribution discusses the remaining details on PRACH preamble with the following proposals
Proposal 1 (PRACH with L = 839):
· Confirm the working assumption of PRACH format 3.
· Define a restricted set for PRACH formats of 1.25 kHz subcarrier spacing.

Proposal 2 (PRACH with L = 139):
· Define PRACH format of L=139 as shown in table 1-4.
· Rx beam sweeping of upto 64 beams should be supported by either of the following options
· Option 1: Define PRACH format with 64 repetitions (NOS =64) for 60/120 kHz subcarrier spacings.
· Option 2: Multiple transmission of PRACH format (NOS < 64) until the whole Rx beams are covered
· Adjust the GP length of PRACH format depending on the position inside a slot
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Format   L   SCS 

(kHz)

  BW 

(MHz)

  N_OS   N_RP   T_SEQ 

(Ts)

  T_CP 

(Ts)

  T_GP 

(Ts)

  Use case  

0   839   1.25   1.08   1   1   24576   3168   2976   LTE  

1   839   1.25   1.08   2   1   2*24576   21024   21904   Up to 100km  

3 (WA)  839   5   4.32   1   1   4*6144   3168   2976   High speed case  

4 (3.5ms)   839   1.25   1.08   4   1   4*24576   4688   4528   Coverage 

enhancement 
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