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1. Introduction
In RAN1 NR Adhoc #2, there were some agreements reached on the PRACH sequence design as shown below [1].
	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




This contribution discusses remaining issues on PRACH formats both for long sequence and short sequence.
2. PRACH formats
2.1 Sequence for L=819
We have 4 PRACH formats agreed for L=819 as shown in Table 1.
Table 1: PRACH format of L=839
[image: ]
One remaining issue for PRACH of L=819 is which restricted sets are defined for each sub carrier spacings. For better insight on the restricted set, Table 2 is listing maximum Doppler frequency values depending on carrier frequency and UE speed. 
Format 3 with 5KHz sub-carrier spacing was introduced for supporting high speed up to 500km/h. However, if 6GHz is used, the detection performance can be degraded even with 5KHz sub-carrier spacing since the maximum Doppler frequency is larger than the half of the sub-carrier spacing. Therefore, it is proposed that restricted set A is supported for PRACH format 3.
Even though format 3 is introduced for high speed, 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. For supporting high speed, it is desirable to define both restricted set A and restricted set B.
Table 2: Doppler frequency of various UE speeds and carrier frequencies
	Speed (Km/h)
	250
	250
	250
	250
	500
	500
	500
	500

	Carrier (GHz)
	0.8
	2
	4
	6
	0.8
	2
	4
	6

	Maxf (KHz)
	0.19
	0.47
	0.93
	1.39
	0.37
	0.93
	1.85
	2.78



Proposal 1:
· Support both restricted set A and restricted set B for PRACH formats of 1.25 kHz subcarrier spacing.
· Support restricted set A only for PRACH formats of 5 kHz subcarrier spacing.
2.2 Sequence of L= 139 
Table 3 shows the current agreement on PRACH format of L=139/127.
Table 3: PRACH format of L=139/127
[image: ]
Basic design target of the short sequence PRACH format is to enable using a single FFT for both normal UL data and PRACH receptions simultaneously in gNB side. From that perspective, current PRACH format in Table 3 is feasible and it is proposed to confirm the working assumptions (PRACH formats A0, A1, B0, B1, B2, B3, C0, C1) in table 3.
However, Note 4 in the agreement states that for format A, GP can be defined within the last RACH preamble among consecutively transmitted RACH preambles. This can be mis-interpreted that GP can be added to the current format A, which may mislead that we need additional format having GP. In roder to avoid the confusion, it is proposed to change the working like the following: 
Note 4: For format A, GP can be realized by concatenating format B for the last RACH preamble among consecutively transmitted RACH preambles

Proposal 2:
· Confirm the working assumptions (PRACH formats A0, A1, B0, B1, B2, B3, C0, C1)
· Change the wording of Note 4: For format A, GP can be realized by concatenating format B for the last RACH preamble among consecutively transmitted RACH preambles

3. Conclusion
This contribution discusses the remaining details on PRACH preamble with the following proposals

Proposal 1: For PRACH of L=819
· Support both restricted set A and restricted set B for PRACH formats of 1.25 kHz subcarrier spacing.
· Support restricted set A only for PRACH formats of 5 kHz subcarrier spacing.

Proposal 2: For PRACH of L=139/127
· Confirm the working assumptions (PRACH formats A0, A1, B0, B1, B2, B3, C0, C1)
· Change the wording of Note 4: For format A, GP can be realized by concatenating format B for the last RACH preamble among consecutively transmitted RACH preambles
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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 Large cell, upto 100km

3 839 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 


image2.emf
Preamble   format  # of    Sequence  TCP  TSEQ  TGP  Path profile    (Ts)  Path profile    (us)  Maximum    Cell radius   (meter)  Use case  

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

1   (WA )  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   (WA )  1  144  2048  0  48   1.56   469  TA is already known or Very small cell  

1   (WA )  2  192  409 6  96  96   3.13   469  Small cell  

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

3   (WA )  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   (WA )  1  1240  2048  0  144  4.69  5300  Normal cell  

1   (WA )  2  1384  4096  0  144  4.69  6000  No rmal cell  

 


