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The following agreements on PRACH design consideration were made in the last RAN1 meetings [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

R1-1711875	WF on PRACH Preamble Format for Short sequence with Option 1	LG Electronics, NTT DOCOMO 
Also supported by ZTE, Ericsson
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

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





2. Confirmation of Working Assumption regarding Short Sequence Lengths
From last meeting’s agreement, format A0 and A1 allocate RACH for two symbols. The cyclic prefix of each preamble acts as a guard period of the preamble. This is useful when RACH preambles are inserted back to back.
The motivation of format B2 and B3 is to allow gNB the flexibility to schedule data after a RACH preamble. The difference between cyclic prefix and guard period is 144 samples. This is because the cyclic prefix of the data symbol also acts as an additional guard period, on top of the guard period of the previous RACH preamble, to reduce interference from the previous RACH preamble.
The difference between cyclic prefix and guard period is 96 samples, not 144 samples, in format B1. Hence, format B1 can be changed to the following:

	Preamble format
	# of sequences
	TCP
	TSEQ
	TGP

	B1
	2
	216
	4096
	72



The format proposed above supports slightly longer cell radius compared to the current working assumption and still avoids interference from the previous RACH preamble. 
Proposal 1: Confirm preamble format A0, A1, B2 and B3 for short sequences.
Proposal 2: Updates preamble format B1 to the following
	Preamble format
	# of sequences
	TCP
	TSEQ
	TGP

	B1
	2
	216
	4096
	72


· Note 1: Unit is Ts, where Ts = 1/30.72MHz for 15 kHz subcarrier spacing


3. Additional Consideration for RACH Configurations
3.1 DLCB Avoidance

It is advantageous if PRACH resources avoid DLCB of a slot. This gives gNB the flexibility to schedule UL data by frequency division multiplexing it with PRACH signal. This is especially applicable for small cells where the duration of each PRACH block is small and each PRACH preamble may not need to be one slot long to provide coverage. 

The defined RACH preamble formats for short sequences are all integer sub-multiple formats of 12 symbols. Hence, RACH configuration should only start RACH preambles beginning from the 3rd symbol.
Observation 1: Avoiding DLCB in PRACH slots gives gNB the flexibility to schedule uplink data.
Proposal 3: NR should avoid DLCB while designing RACH configurations for short sequences. Two symbols of PRACH slot should be avoided so that gNB can insert DLCB per the data slot duration numerology.

4. Confirmation of RACH Numerologies for Over-6 GHz Band
NR agreed to support 1.25 kHz and 5 kHz tone spacings for long sequences and {15, 30, 60, 120} kHz tone spacing for short sequences. NR has also previously agreed 5 MHz and 20 MHz to be the maximum bandwidth in sub-6 and over-6 GHz band respectively.

The agreements make it clear that the long sequences and, 15 kHz and 30 kHz based short preamble sequences can be used to transmit RACH in sub-6 GHz band. 60 kHz and 120 kHz based short preamble sequences cannot be applied in sub-6 GHz because they exceed the maximum bandwidth of 5 MHz.
On the other hand, current agreements do not explicitly mention the set of exact tone spacings that will be used in over-6 GHz band. Since a UE needs to be prepared to transmit at a tone spacing that is instructed by gNB, it is important to explicitly mention the set of tone spacings that can be used in each band, so that the UE does not have to be unnecessarily prepared for a tone spacing that will never be used.
Over-6 GHz band will, in all likelihood, be deployed in small cells. Hence, there is no case to use formats with L = 839 in over-6 GHz band.
Regarding short preamble format with L = 127/139, during the email discussion before the last RAN1 meeting [2], most companies preferred to use 30 kHz and above numerologies in over-6 GHz. Hence, NR can confirm that RACH transmission at over-6 GHz band only supports short sequence (L = 127/139) based preamble formats with 30, 60 and 120 kHz numerology. NR can also confirm that RACH transmission at over-6 GHz band does not support short sequence (L = 127/139) based preamble formats with 15 kHz numerology.
Proposal 4: NR confirms that RACH preamble formats with L = 839 is not used in over-6 GHz band.
Proposal 5: NR confirms that, for short sequence (L = 127/139) based preamble formats, RACH transmission at over-6 GHz band supports only 30, 60 and 120 kHz tone spacings; and does not support 15 kHz tone spacing.
5. Conclusion
Observation 1: Avoiding DLCB in PRACH slots gives gNB the flexibility to schedule uplink data.
Proposal 1: Confirm preamble format A0, A1, B2 and B3 for short sequences.
Proposal 2: Updates preamble format B1 to the following
	Preamble format
	# of sequences
	TCP
	TSEQ
	TGP

	B1
	2
	216
	4096
	72


· Note 1: Unit is Ts, where Ts = 1/30.72MHz

Proposal 3: NR should avoid DLCB while designing RACH configurations for short sequences. Two symbols of PRACH slot should be avoided so that gNB can insert DLCB according to the data slot duration numerology.
Proposal 4: NR confirms that RACH preamble formats with L = 839 is not used in over-6 GHz band.
Proposal 5: NR confirms that, for short sequence (L = 127/139) based preamble formats, RACH transmission at over-6 GHz band supports only 30, 60 and 120 kHz tone spacings; and does not support 15 kHz tone spacing.
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