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Introduction
The following agreements were made for NR RACH preamble design in RAN1:
	RAN1 90bis [1]
Agreements:
· Confirm working assumption of cyclic shift values for preamble format 3
· Confirm working assumption, L = 139 is adopted as the sequence length for the RACH Preamble Formats using the short sequence
Agreements:
· For FDD, RACH resources can be mapped onto UL slots irrespective of the time locations of SS/PBCH block

Agreements:
· NR-RACH configurations can be specified using a table similar to LTE, this table is index by the PRACH Config Index
· Frequency multiplexed PRACH transmission occasions use the same PRACH Config Index 
· NR strives to minimize the number of bits needed for the RACH configuration 
· Use 8-bits as the starting point
· FFS: If SCS and formats are part of the table
Agreements:
· The slot duration for PRACH resource mapping for short preamble formats (i.e., L=139) is based on the RACH Msg1 numerology, i.e. SCS. 
· The slot duration for PRACH resource mapping for long preamble formats (i.e., L=839) is based on 15kHz SCS 
Agreements:
· The pattern given by the PRACH Config Index repeats every RACH Configuration Period 
· The density and duration within each configuration period are FFS
· Including the possibility of in every slot
· RACH Configuration Period: 
· (working assumption) 10/20/40ms
· FFS 80ms/160ms
· FFS if the same values will be used for above and below 6GHz
· FFS the details in terms of how the pattern and configuration period are specified (e.g., via a table, via a formula, etc.)
Agreements:
· One PRACH format is configured for a cell
· FFS the impact BWP/SUL
· For PRACH formats based on short sequence length
· Format A and format B is considered as a package for the PRACH configuration, configures either format A/B or format C 
· If format A/B is configured, the last PRACH resource within a RACH slot uses the format B and other PRACH resources within the RACH slot uses format A 
· At least support only format B4 within a RACH slot, in the case of a single PRACH occasion within a RACH slot
· FFS Support a PRACH format taken from A0/A1/A2/A3 within a RACH slot 
Agreements:
· NR at least supports RACH configuration that have the same starting symbol in all RACH slots
· Values of starting symbol: 0, 2
· FFS other values
Agreements:
· For TDD, RACH configurations maps RACH resources onto slots irrespective of the time locations of actually transmitted SS/PBCH block
· In the case that an actually transmitted SS/PBCH block overlap with a RACH resource within a RACH configuration period, define rules for which RACH resources that are still valid
· FFS: the rules (no RRC signalling involved in defining the rules)
· Also consider the DL/UL switching points
· Also consider potential impact due to semi-static DL/UL configuration and/or dynamic SFI
· Note: RAN1 strives to minimize the impact of the time location of the SS/PBCH block to the RACH configuration table design
Agreements:
· RACH PRB allocation is the PRBs allocated to RACH within a RACH slot
· NR supports the following numbers of subcarriers as guard band:
· Note: Generation of any additional guard band is up to gNB implementation

	PRACH sequence
length (L) 
	PRACH SCS (kHz)
	UL SCS (kHz)
	RACH PRB allocation size
	Number of 
subcarriers as guard band

	839
	1.25
	15
	6 
	25

	839
	1.25
	30
	3 
	25

	839
	1.25
	60
	2
	313

	839
	5
	{15,30,60}
	24,12,6
	25

	139
	15
	{15,30}
	12, 6
	5

	139
	15
	60
	3
	5

	139
	30
	{15,30,60}
	24,12,6
	5

	139
	60
	{60,120}
	12,6
	5

	139
	120
	{60, 120}
	24,12
	5






	RAN1 NR#3 [1]
Agreements:
· For format 2, same cyclic shift values as for format 0 and 1 are used
Working assumption:
· L = 139 is adopted as the sequence length for the RACH Preamble Formats using the short sequence
Agreements:
· Use one common table for cyclic shift (Ncs) values for short sequence based PRACH formats for all SCS
· Alt 1: The number of cyclic shift values is up to 16 values represented by 4 bits
· Alt 2: The number of cyclic shift values is up to 8 values represented by 3bits
· Down-selection to be done this week. In addition, to come up with the actual set of values
Agreements:
· NR defines the pattern of the slots that contain PRACH resource(s) in to a larger time interval
· FFS: time interval e.g 5/10/20ms
· FFS pattern
· FFS numerology of the slot e.g SS block, UL/DL, Msg1 or PUSCH
· FFS: Within each slot 
· Alt1: RACH resources within a slot are consecutive
· Alt2:RACH resources within a slot are not consecutive, e.g to handle the case of CORESET monitoring , in the 2/4/7 symbols



In this contribution we further discuss the remaining issues for RACH preamble formats, including NR RACH configuration and association with RACH resource and SS-block, and configuration of NR RACH preamble. In our companion contribution [3], we study the remaining issues for NR 4-step RACH procedures.

Discussion

NR RACH configuration properties 
PRACH configuration is included in the RMSI and contains all of the necessary information for a UE to perform random access. For Contention base RA, when a UE receives the PRACH configuration information in RMSI, it is able to transmit PRACH preamble on the assigned time and frequency resource by randomly choosing one preamble in a preamble set within the PRACH configuration. Necessary information that has to be included in the PRACH configuration is listed as follows.
1) Time allocation: E.g., frame number, and slot index within frame, start position within slot (OFDM symbol index);
2) Frequency allocation: This can be signalled in terms of BWP information, e.g. BWP index, RB index;
3) Preamble format: This can be given in a list of possible NR-RACH preamble formats including SCS;
4) Root sequence: Value between 0 and length of Zadoff-Chu sequence minus one;
5) Cyclic shift configuration: The amount of cyclic shift of root sequence can be given;
6) Associated SS block index;
7) Information on whether restricted sets is used or not;
8) The number of PRACH preambles per SSB or per PRACH occasion.

Proposal 1: PRACH configuration at least includes the following information: time allocation, frequency allocation, preamble format, root sequence, cyclic shift configuration, associated SS block index, information on whether restricted sets is used or not, and the number of PRACH preambles per SSB or per PRACH occasion.

PRACH formats based on short sequence length 
In RAN1#90bis, the following agreements are made: for PRACH formats based on short sequence length, format A and format B is considered as a package for the PRACH configuration, configures either format A/B or format C; if format A/B is configured, the last PRACH resource within a RACH slot uses the format B and other PRACH resources within the RACH slot uses format A; at least support only format B4 within a RACH slot, in the case of a single PRACH occasion within a RACH slot; FFS support a PRACH format taken from A0/A1/A2/A3 within a RACH slot.
For whether supporting a PRACH format taken from A0/A1/A2/A3 within a RACH slot , there are at least three options:
· Option 1: Do not support a RACH slot with only the PRACH formats A0/A1/A2/A3. 
· Option 2: Support a RACH slot with PRACH format A0 only, but do not support a RACH slot with only RACH formats A1/A2/A3.
· Option 3: Support a RACH slot with only PRACH formats A0/A1/A2/A3.
If option 1 is adopted, NR will support only 6 RACH formats based on short sequence length: A1+B1, A2+B2, A3+B3, B4, C0, and C2. The number of PRACH formats for RACH configuration table is smaller than the cases when option 2 and option 3 are adopted. However, if not supporting RACH format with A0 only, NR cannot support the transmission of PRACH preambles when there is only two consecutive OFDM symbols available in an SSB slot.
When option 2 is adopted, there will be 7 formats based on short sequence length: A0, A1+B1, A2+B2, A3+B3, B4, C0, and C2, having only one more format than Option 1. Format A0 can be used in case that there is only two consecutive OFDM symbols available in SS block slot. Figure 1 shows an example of slot in which SS block(s) with SCS of 15 kHz (SS block / PRACH resource).
[image: ] 
Figure 1. Example of slot in which SS block(s) with SCS of 15 kHz (SS block / PRACH resource)
For option 3, there could be much more RACH  formats based on short sequence length, e.g.,  A0, A1, A2, A3, A1+B1, A2+B2, A3+B3, B4, C0, and C2. A0 can be used from the fact if there is only two OFDM symbols are available in SSB slot. For a single format taken from A0, A1, A2, A3, the pros is that the FFT block with the uplink data can be used at the same time. Furthermore, the maximum cell radius of fomrat B is reduced as the less duration of CP and GT compared to format A. The cons is that it may introduce inter-symbol interference between PRACH and following channels if no extra preamle is used for GT. However, the number of PRACH formats for RACH configuration table is larger than option 1 and option 2, which increases the configuration complexity. The time resource is less effient comapared with option 1 and option 2.
Therefore, option 2 is proposed for the good tradeoff of the perfomance and configuration complexity.
Proposal 2: NR should support a RACH slot with PRACH format A0 only, but do not support a RACH slot with RACH formats A1/A2/A3 only.
Table 1 shows the number of preamble formats in a slot with n (n ={0, 2})  OFDM symbol reserved for DL control channel in option 2.
Table 1. Number of preamble formats in a slot with n OFDM symbol reserved for DL control channel (n =0 and 2) in option 2
	Format (Number of repeated sequence / OFDM symbols in a format)
	Number of  (mixed) preamble formats in a slot for n = 0
	Number of  (mixed) preamble formats in a slot for n = 2

	A0（1）
	14 A0
	12 A0

	A1（2）+ B1 （2）
	6 A1+1 B1
	5 A1+1 B1

	A2（4）+ B2 （4）
	2 A2 + A B2
	2 A2+1 B2

	A3 （6）+ B3 （6）
	1 A3+1 B3
	1 A3+1 B3

	B4 （12）
	1 B4
	1 B4

	C0 （1）
	9 C0
	8 C0

	C2 （4）
	2 C2
	2 C2



NR RACH configuration table design
In RAN1#90bis, the following agreements were made:
· NR-RACH configurations can be specified using a table similar to LTE, this table is index by the PRACH Config Index
· Frequency multiplexed PRACH transmission occasions use the same PRACH Config Index 
· NR strives to minimize the number of bits needed for the RACH configuration 
· Use 8-bits as the starting point
· FFS: If SCS and formats are part of the table
For NR RACH configuration table design, there are at least three options:
· Option 1: Use a single RACH configuration table.
· Option 2: Two RACH configuration tables for below 6GHz and above 6GHz.
· Option 3: Two RACH configuration tables for long preamble formats and short preamble formats. 
For 8 bits, there are total of 2^8 = 256 configurations. As agreed in NR-Rel 15, there are 4 preamble formats based on long sequence length, and at least 7 formats based on short sequence length as shown in Table 1. For short sequence length (L = 139), there are four SCSs: 15/30/60/120 KHz. For RACH configuration period, the working assumption is 10/20/40ms, which has three values.
If preamble formats are not part of the table, there should be at least additional 4 bits for indicating it, which will further increase the overhead of configuration bits. Therefore, preamble formats should be part of the table.
One bit is always needed to indicate the SCS for the RACH format, regardless whether it is included in RACH configuration table or not, i.e., indicating whether the SCS is 15 KHz or 30 KHz for frequency sub-6G Hz, and 60 KHz or 120 KHz are for frequency above 6G Hz. Therefore, table does not need to include the SCS of the RACH format.
Furthermore, RACH configuration period should be part of the table.
Under the assumption that formats and RACH configuration period are part of the table, the pros and cons of above three options are given in the following.
The pros of option 1 is that UE complexity is lower as it only needs to store one table, while two tables must be stored for option 2 and option 3. The cons of option 1 is low granularity for each configuration. For option 1, the number of configuration per (mixed) format is: 256/11/3 = 7.6, where 11 = 4+7, 4 preamble formats based on long sequence length, and 7 formats based on short sequence length, and 3 for the number of RACH configuration period: 10/20/40ms . The number is smaller than 10, which is typically used in LTE.
The pros of option 2 and option 3 are that UE complexity is high granularity for each configuration, with the expense of two stored tables. For option 2, the number of configuration for a (mixed) format is 256/11/3 = 7.6 for below 6 GHz, and 256/7/3 = 12.2 for above 6 GHz. For option 3, the number of configuration for a (mixed) format is 256/4/3 = 21.3 for long preamble formats, and 256/7/3 = 12.2 for short preamble formats.
However, for option 3, there should be one more additional bit to indicate whether it is long or short preamble format, and one more additional bit to indicate the SCS, which is of higher overhead than option 2. Therefore, option 2 is preferred.
Proposal 3: NR should support two NR RACH configuration tables: one for below 6GHz and the other for above 6GHz.
For RACH configuration table design in LTE, preamble format, system frame number, and subframe number are given as configuration parameters. For NR-RACH configuration table design, a subframe may include one or multiple slots according to different SCS of preamble, e.g., 1 slot per subframe for SCS of 15 KHz, 8 slots per subframe for SCS of 120 KHz. Therefore, slot number should be included instead of subframe number for NR. Furthermore, OFDM symbol index is not suggested to be included in the configuration table.
For TDD in NR, it is better not to configure RACH resources in SS/PBCH slots. Therefore, for RACH configuration table design, it is preferable to use non-SS/PBCH slots for RACH resources.  Table 2 shows that for carrier frequency below-6GHz with 10ms SS/PBCH periodicity, there are 8 candidate slots within a radio frame for RACH resources without SS-block, where the indices are 4~9 for SCS of 15 KHz, and 8, 9 for SCS of 30 KHz. According to Table 3, potential slot indices within a radio frame for RACH resources without SS-block are 9, 14, 19~39 for SCS of 60 KHz and 8, 9,18,19,28, 29, 38~79 for SCS of 120 KHz.
Table 2. Candidate slot indices within a frame for RACH resources below 6GHz (SS-block with 10ms periodicity)
	
	Msg.1 with 15 kHz SCS
	Msg.1 with 30 kHz SCS

	SSB with 15 kHz SCS, L=8
	4, 5, 6, 7, 8, 9
	8 ~ 19

	SSB with 30 kHz SCS, L=8
	4~19
	2 ~9 



Table 3. Candidate slot indices within a frame for RACH resources above 6GHz (SS-block with 10ms periodicity) 
	
	Msg.1 with 60kHz SCS
	Msg.1 with 120kHz SCS

	SSB with 120 kHz SCS, L=64
	4,9,14,19~ 39
	8, 9, 18, 19, 28, 29, 38~79

	SSB with 240 kHz SCS, L=64
	4, 9~39
	8, 9, 18~79



According to above analyses, NR-RACH configuration table below 6 GHz is given in Table 4, where SCS of 15 KHz is corresponding to configuration index from 0 to 127, and SCS of 30 KHz is corresponding to configuration index from 128 to 255.
According to above analyses, NR-RACH configuration table above 6 GHz is given in Table 5, where SCS of 60 KHz is corresponding to configuration index from 0 to 127, and SCS of 120 KHz is corresponding to configuration index from 128 to 255.
Proposal 4: For NR RACH configuration table design, Table 4 and Table 5 are proposed.
Table 4.a NR-RACH configuration table below 6 GHz (15 KHz) ——0~127
	NR-RACH Configuration Index
	Preamble Format
	System frame number
	Slot
number
	NR-RACH Configuration Index
	Preamble Format
	System frame number
	Slot
number

	0
	[0]
	SFN % 4 = 0
	[1]
	64
	[A1/B1]
	Any
	[6, 7]

	1
	[0]
	SFN % 4 = 0
	[6]
	65
	[A1/B1]
	Any
	[8, 9]

	2
	[0]
	SFN % 2 = 0
	[1]
	66
	[A1/B1]
	Any
	[6,7,8, 9]

	3
	[0]
	SFN % 2 = 0
	[6]
	67
	N/A
	N/A
	N/A

	4
	[0]
	Any
	[1]
	68
	[A2/B2]
	SFN % 4 = 0
	[6,7]

	5
	[0]
	Any
	[6]
	69
	[A2/B2]
	SFN % 4 = 0
	[8,9]

	6
	[0]
	Any
	[1, 6]
	70
	[A2/B2]
	SFN % 4 = 1
	[6,7]

	7
	[0]
	Any
	[2, 7]
	71
	[A2/B2]
	SFN % 4 = 0
	[8, 9]

	8
	[0]
	Any
	[1, 4, 7]
	72
	[A2/B2]
	SFN % 2 =0
	[6,7]

	9
	[0]
	Any
	[2, 5, 8]
	73
	[A2/B2]
	SFN % 2 = 0
	[8, 9]

	10
	[0]
	Any
	[0, 2, 4, 6, 8]
	74
	[A2/B2]
	Any
	[6, 7]

	11
	[0]
	Any
	[1, 3, 5, 7, 9]
	75
	[A2/B2]
	Any
	[8, 9]

	12
	[0]
	Any
	[0, 1, 2, 3, 4, 5, 6, 7, 8, 9]
	76
	[A2/B2]
	Any
	[6,7,8, 9]

	13
	[1]
	SFN % 4 = 0
	[1]
	77
	[A3/B3]
	SFN % 4 = 0
	[6,7]

	14
	[1]
	SFN % 4 = 0
	[6]
	78
	[A3/B3]
	SFN % 4 = 0
	[8,9]

	15
	[1]
	SFN % 2 = 0
	[1]
	79
	[A3/B3]
	SFN % 4 = 1
	[6,7]

	16
	[1]
	SFN % 2 = 0
	[6]
	80
	[A3/B3]
	SFN % 4 = 0
	[8, 9]

	17
	[1]
	Any
	[1]
	81
	[A3/B3]
	SFN % 2 =0
	[6,7]

	18
	[1]
	Any
	[6]
	82
	[A3/B3]
	SFN % 2 = 0
	[8, 9]

	19
	[1]
	Any
	[1, 6]
	83
	[A3/B3]
	Any
	[6, 7]

	20
	[1]
	Any
	[2, 7]
	84
	[A3/B3]
	Any
	[8, 9]

	21
	[1]
	Any
	[1, 4, 7]
	85
	[A3/B3]
	Any
	[6,7,8, 9]

	22
	[1]
	Any
	[2, 5, 8]
	86
	[B4]
	SFN % 4 = 0
	[6,7]

	23
	[2]
	SFN % 4 = 0
	[1]
	87
	[B4]
	SFN % 4 = 0
	[8,9]

	24
	[2]
	SFN % 4 = 0
	[6]
	88
	[B4]
	SFN % 4 = 1
	[6,7]

	25
	[2]
	SFN % 2 = 0
	[1]
	89
	[B4]
	SFN % 4 = 0
	[8, 9]

	26
	[2]
	SFN % 2 = 0
	[6]
	90
	[B4]
	SFN % 2 =0
	[6,7]

	27
	[2]
	Any
	[1]
	91
	[B4]
	SFN % 2 = 0
	[8, 9]

	28
	[2]
	Any
	[6]
	92
	[B4]
	Any
	[6, 7]

	29
	[2]
	Any
	[1, 6]
	93
	[B4]
	Any
	[8, 9]

	30
	[2]
	Any
	[2, 7]
	94
	[B4]
	Any
	[6,7,8, 9]

	31
	[3]
	SFN % 4 = 0
	[1]
	95
	[C0]
	SFN % 4 = 0
	[6,7]

	32
	[3]
	SFN % 4 = 0
	[6]
	96
	[C0]
	SFN % 4 = 0
	[8,9]

	33
	[3]
	SFN % 2 = 0
	[1]
	97
	[C0]
	SFN % 4 = 1
	[6,7]

	34
	[3]
	SFN % 2 = 0
	[6]
	98
	[C0]
	SFN % 4 = 0
	[8, 9]

	35
	[3]
	Any
	[1]
	99
	[C0]
	SFN % 2 =0
	[6,7]

	36
	[3]
	Any
	[6]
	100
	[C0]
	SFN % 2 = 0
	[8, 9]

	37
	[3]
	Any
	[1, 6]
	101
	[C0]
	Any
	[6, 7]

	38
	[3]
	Any
	[2, 7]
	102
	[C0]
	Any
	[8, 9]

	39
	[3]
	Any
	[1, 4, 7]
	103
	[C0]
	Any
	[6,7,8, 9]

	40
	[3]
	Any
	2, 5, 8]
	104
	[C2]
	SFN % 4 = 0
	[6,7]

	41
	[3]
	Any
	[0, 2, 4, 6, 8]
	105
	[C2]
	SFN % 4 = 0
	[8,9]

	42
	[3]
	Any
	[1, 3, 5, 7, 9]
	106
	[C2]
	SFN % 4 = 1
	[6,7]

	43
	[3]
	Any
	[0, 1, 2, 3, 4, 5, 6, 7, 8, 9]
	107
	[C2]
	SFN % 4 = 0
	[8, 9]

	44
	[A0]
	SFN % 4 = 0
	[7]
	108
	[C2]
	SFN % 2 =0
	[6,7]

	45
	[A0]
	SFN % 4 = 0
	[9]
	109
	[C2]
	SFN % 2 = 0
	[8, 9]

	46
	[A0]
	SFN % 2 = 0
	[7]
	110
	[C2]
	Any
	[6, 7]

	47
	[A0]
	SFN % 2 = 0
	[9]
	111
	[C2]
	Any
	[8, 9]

	48
	[A0]
	Any
	[7]
	112
	[C2]
	Any
	[6,7,8, 9]

	49
	[A0]
	Any
	[9]
	113
	N/A
	N/A
	N/A 

	50
	[A0]
	Any
	[6, 7]
	114
	N/A
	N/A
	N/A

	51
	[A0]
	Any
	[8, 9]
	115
	N/A
	N/A
	N/A

	52
	N/A
	N/A
	N/A
	116
	N/A
	N/A
	N/A

	53
	N/A]
	N/A
	N/A
	117
	N/A
	N/A
	N/A

	54
	N/A
	N/A
	N/A
	118
	N/A
	N/A
	N/A

	55
	N/A
	N/A
	N/A
	119
	N/A
	N/A
	N/A

	56
	N/A
	N/A
	N/A
	120
	N/A
	N/A
	N/A

	57
	N/A
	N/A
	N/A
	121
	N/A
	N/A
	N/A

	58
	N/A
	N/A
	N/A
	122
	N/A
	N/A
	N/A

	59
	N/A
	N/A
	N/A
	123
	N/A
	N/A
	N/A

	60
	[A1/B1]
	SFN % 4 = 0
	[6, 7]
	124
	N/A
	N/A
	N/A

	61
	[A1/B1]
	SFN % 4 = 0
	[8, 9]
	125
	N/A
	N/A
	N/A

	62
	[A1/B1]
	SFN % 2 = 0
	[6, 7]
	126
	N/A
	N/A
	N/A

	63
	[A1/B1]
	SFN % 2 = 0
	[8, 9]
	127
	N/A
	N/A
	N/A



Table 4.b NR-RACH configuration table below 6 GHz (30K Hz)——128~256
	NR-RACH Configuration Index
	Preamble Format
	System frame number
	Slot
number
	NR-RACH Configuration Index
	Preamble Format
	System frame number
	Slot
number

	128+0
	[0]
	SFN % 4 = 0
	[1]*2
	128+64
	[A1/B1]
	Any
	[6, 7] *2

	128+1
	[0]
	SFN % 4 = 0
	[6] *2
	128+65
	[A1/B1]
	Any
	[8, 9] *2

	128+2
	[0]
	SFN % 2 = 0
	[1] *2
	128+66
	[A1/B1]
	Any
	[6,7,8, 9] *2

	128+3
	[0]
	SFN % 2 = 0
	[6] *2
	128+67
	N/A
	N/A
	N/A

	128+4
	[0]
	Any
	[1] *2
	128+68
	[A2/B2]
	SFN % 4 = 0
	[6,7] *2

	128+5
	[0]
	Any
	[6] *2
	128+69
	[A2/B2]
	SFN % 4 = 0
	[8,9] *2

	128+6
	[0]
	Any
	[1, 6] *2
	128+70
	[A2/B2]
	SFN % 4 = 1
	[6,7] *2

	128+7
	[0]
	Any
	[2, 7] *2
	128+71
	[A2/B2]
	SFN % 4 = 0
	[8, 9] *2

	128+8
	[0]
	Any
	[1, 4, 7] *2
	128+72
	[A2/B2]
	SFN % 2 =0
	[6,7] *2

	128+9
	[0]
	Any
	[2, 5, 8] *2
	128+73
	[A2/B2]
	SFN % 2 = 0
	[8, 9] *2

	128+10
	[0]
	Any
	[0, 2, 4, 6, 8]*2
	128+74
	[A2/B2]
	Any
	[6, 7] *2

	128+11
	[0]
	Any
	[1, 3, 5, 7, 9] *2
	128+75
	[A2/B2]
	Any
	[8, 9] *2

	128+12
	[0]
	Any
	[0, 1, 2, 3, 4, 5, 6, 7, 8, 9]*2
	128+76
	[A2/B2]
	Any
	[6,7,8, 9] *2

	128+13
	[1]
	SFN % 4 = 0
	[1] *2
	128+77
	[A3/B3]
	SFN % 4 = 0
	[6,7] *2

	128+14
	[1]
	SFN % 4 = 0
	[6] *2
	128+78
	[A3/B3]
	SFN % 4 = 0
	[8,9] *2

	128+15
	[1]
	SFN % 2 = 0
	[1] *2
	128+79
	[A3/B3]
	SFN % 4 = 1
	[6,7] *2

	128+16
	[1]
	SFN % 2 = 0
	[6] *2
	128+80
	[A3/B3]
	SFN % 4 = 0
	[8, 9] *2

	128+17
	[1]
	Any
	[1] *2
	128+81
	[A3/B3]
	SFN % 2 =0
	[6,7] *2

	128+18
	[1]
	Any
	[6] *2
	128+82
	[A3/B3]
	SFN % 2 = 0
	[8, 9] *2

	128+19
	[1]
	Any
	[1, 6] *2
	128+83
	[A3/B3]
	Any
	[6, 7] *2

	128+20
	[1]
	Any
	[2, 7] *2
	128+84
	[A3/B3]
	Any
	[8, 9] *2

	128+21
	[1]
	Any
	[1, 4, 7] *2
	128+85
	[A3/B3]
	Any
	[6,7,8, 9] *2

	128+22
	[1]
	Any
	[2, 5, 8] *2
	128+86
	[B4]
	SFN % 4 = 0
	[6,7] *2

	128+23
	[2]
	SFN % 4 = 0
	[1] *2
	128+87
	[B4]
	SFN % 4 = 0
	[8,9] *2

	128+24
	[2]
	SFN % 4 = 0
	[6] *2
	128+88
	[B4]
	SFN % 4 = 1
	[6,7] *2

	128+25
	[2]
	SFN % 2 = 0
	[1] *2
	128+89
	[B4]
	SFN % 4 = 0
	[8, 9] *2

	128+26
	[2]
	SFN % 2 = 0
	[6] *2
	128+90
	[B4]
	SFN % 2 =0
	[6,7] *2

	128+27
	[2]
	Any
	[1]*2
	128+91
	[B4]
	SFN % 2 = 0
	[8, 9] *2

	128+28
	[2]
	Any
	[6]*2
	128+92
	[B4]
	Any
	[6, 7] *2

	128+29
	[2]
	Any
	[1, 6]*2
	128+93
	[B4]
	Any
	[8, 9] *2

	128+30
	[2]
	Any
	[2, 7]*2
	128+94
	[B4]
	Any
	[6,7,8, 9] *2

	128+31
	[3]
	SFN % 4 = 0
	[1]*2
	128+95
	[C0]
	SFN % 4 = 0
	[6,7] *2

	128+32
	[3]
	SFN % 4 = 0
	[6]*2
	128+96
	[C0]
	SFN % 4 = 0
	[8,9] *2

	128+33
	[3]
	SFN % 2 = 0
	[1]*2
	128+97
	[C0]
	SFN % 4 = 1
	[6,7] *2

	128+34
	[3]
	SFN % 2 = 0
	[6]*2
	128+98
	[C0]
	SFN % 4 = 0
	[8, 9] *2

	128+35
	[3]
	Any
	[1]*2
	128+99
	[C0]
	SFN % 2 =0
	[6,7] *2

	128+36
	[3]
	Any
	[6]*2
	128+100
	[C0]
	SFN % 2 = 0
	[8, 9] *2

	128+37
	[3]
	Any
	[1, 6]*2
	128+101
	[C0]
	Any
	[6, 7] *2

	128+38
	[3]
	Any
	[2, 7]*2
	128+102
	[C0]
	Any
	[8, 9] *2

	128+39
	[3]
	Any
	[1, 4, 7]*2
	128+103
	[C0]
	Any
	[6,7,8, 9] *2

	128+40
	[3]
	Any
	2, 5, 8]*2
	128+104
	[C2]
	SFN % 4 = 0
	[6,7] *2

	128+41
	[3]
	Any
	[0, 2, 4, 6, 8]*2
	128+105
	[C2]
	SFN % 4 = 0
	[8,9] *2

	128+42
	[3]
	Any
	[1, 3, 5, 7, 9]*2
	128+106
	[C2]
	SFN % 4 = 1
	[6,7] *2

	128+43
	[3]
	Any
	[0, 1, 2, 3, 4, 5, 6, 7, 8, 9]*2
	128+107
	[C2]
	SFN % 4 = 0
	[8, 9] *2

	128+44
	[A0]
	SFN % 4 = 0
	[7]*2
	128+108
	[C2]
	SFN % 2 =0
	[6,7] *2

	128+45
	[A0]
	SFN % 4 = 0
	[9]*2
	128+109
	[C2]
	SFN % 2 = 0
	[8, 9] *2

	128+46
	[A0]
	SFN % 2 = 0
	[7]*2
	128+110
	[C2]
	[Any]
	[6, 7] *2

	128+47
	[A0]
	SFN % 2 = 0
	[9]*2
	128+111
	[C2]
	[Any]
	[8, 9] *2

	128+48
	[A0]
	Any
	[7]*2
	128+112
	[C2]
	[Any]
	[6,7,8, 9] *2

	128+49
	[A0]
	Any
	[9]*2
	128+113
	N/A
	N/A
	N/A

	128+50
	[A0]
	Any
	[6, 7]*2
	128+114
	N/A
	N/A
	N/A

	128+51
	[A0]
	Any
	[8, 9]*2
	128+115
	N/A
	N/A
	N/A

	128+52
	[A0]
	SFN % 4 = 0
	[7]*2
	128+116
	N/A
	N/A
	N/A

	128+53
	[A0]
	SFN % 4 = 0
	[9]*2
	128+117
	N/A
	N/A
	N/A

	128+54
	[A0]
	SFN % 2 = 0
	[7] *2
	128+118
	N/A
	N/A
	N/A

	128+55
	[A0]
	N/A
	N/A
	128+119
	N/A
	N/A
	N/A

	128+56
	[A0]
	N/A
	N/A
	128+120
	N/A
	N/A
	N/A

	128+57
	[A0]
	N/A
	N/A
	128+121
	N/A
	N/A
	N/A

	128+58
	[A0]
	N/A
	N/A
	128+122
	N/A
	N/A
	N/A

	128+59
	[A0]
	N/A
	N/A
	128+123
	N/A
	N/A
	N/A

	128+60
	[A1/B1]
	SFN % 4 = 0
	[6, 7] *2
	128+124
	N/A
	N/A
	N/A

	128+61
	[A1/B1]
	SFN % 4 = 0
	[8, 9] *2
	128+125
	N/A
	N/A
	N/A

	128+62
	[A1/B1]
	SFN % 2 = 0
	[6, 7] *2
	128+126
	N/A
	N/A
	N/A

	128+63
	[A1/B1]
	SFN % 2 = 0
	[8, 9] *2
	128+127
	N/A
	N/A
	N/A






Table 5.a NR-RACH configuration table above 6 GHz (60 KHz) ——0~127
	NR-RACH Configuration Index
	Preamble Format
	System frame number
	Slot 
number
	NR-RACH Configuration Index
	Preamble Format
	System frame number
	Slot 
number

	0
	[A0]
	SFN % 4 = 0
	[9]
	64
	[A3/B3]
	Any
	[9]

	1
	[A0]
	SFN % 4 = 0
	[19] 
	65
	[A3/B3]
	Any
	[19] 

	2
	[A0]
	SFN % 4 = 0
	[28]
	66
	[A3/B3]
	Any
	[28]

	3
	[A0]
	SFN % 4 = 0
	[35] 
	67
	[A3/B3]
	Any
	[35] 

	4
	[A0]
	SFN % 4 = 0
	[39]
	68
	[A3/B3]
	Any
	[39]

	5
	[A0]
	SFN % 2 = 0
	[9]
	69
	[A3/B3]
	Any
	[9,28,39] 

	6
	[A0]
	SFN % 2 = 0
	[19] 
	70
	[A3/B3]
	Any
	[19,28,35] 

	7
	[A0]
	SFN % 2 = 0
	[28]
	71
	[A3/B3]
	Any
	[9,19,28, 35, 39]

	8
	[A0]
	SFN % 2 = 0
	[35] 
	72
	[B4]
	SFN % 4 = 0
	[9]

	9
	[A0]
	SFN % 2 = 0
	[39]
	73
	[B4] 
	SFN % 4 = 0
	[19] 

	10
	[A0]
	Any
	[9]
	74
	[B4]
	SFN % 4 = 0
	[28]

	11
	[A0]
	Any
	[19] 
	75
	[B4]
	SFN % 4 = 0
	[35] 

	12
	[A0]
	Any
	[28]
	76
	[B4]
	SFN % 4 = 0
	[39]

	13
	[A0]
	Any
	[35] 
	77
	[B4]
	SFN % 2 = 0
	[9]

	14
	[A0]
	Any
	[39]
	78
	[B4]
	SFN % 2 = 0
	[19] 

	15
	[A0]
	Any
	[9,28,39] 
	79
	[B4]
	SFN % 2 = 0
	[28]

	16
	[A0]
	Any
	[19,28,35] 
	80
	[B4]
	SFN % 2 = 0
	[35] 

	17
	[A0]
	Any
	[9,19,28, 35, 39]
	81
	[B4]
	SFN % 2 = 0
	[39]

	18
	[A1/B1]
	SFN % 4 = 0
	[9]
	82
	[B4]
	Any
	[9]

	19
	[A1/B1]
	SFN % 4 = 0
	[19] 
	83
	[B4]
	Any
	[19] 

	20
	[A1/B1]
	SFN % 4 = 0
	[28]
	84
	[B4]
	Any
	[28]

	21
	[A1/B1]
	SFN % 4 = 0
	[35] 
	85
	[B4]
	Any
	[35] 

	22
	[A1/B1]
	SFN % 4 = 0
	[39]
	86
	[B4]
	Any
	[39]

	23
	[A1/B1]
	SFN % 2 = 0
	[9]
	87
	[B4]
	Any
	[9,28,39] 

	24
	[A1/B1]
	SFN % 2 = 0
	[19] 
	88
	[B4]
	Any
	[19,28,35] 

	25
	[A1/B1]
	SFN % 2 = 0
	[28]
	89
	[B4] 
	Any
	[9,19,28, 35, 39]

	26
	[A1/B1]
	SFN % 2 = 0
	[35] 
	90
	[C0]
	SFN % 4 = 0
	[9]

	27
	[A1/B1]
	SFN % 2 = 0
	[39]
	91
	[C0]
	SFN % 4 = 0
	[19] 

	28
	[A1/B1]
	Any
	[9]
	92
	[C0]
	SFN % 4 = 0
	[28]

	29
	[A1/B1]
	Any
	[19] 
	93
	[C0]
	SFN % 4 = 0
	[35] 

	30
	[A1/B1]
	Any
	[28]
	94
	[C0]
	SFN % 4 = 0
	[39]

	31
	[A1/B1]
	Any
	[35] 
	95
	[C0]
	SFN % 2 = 0
	[9]

	32
	[A1/B1]
	Any
	[39]
	96
	[C0]
	SFN % 2 = 0
	[19] 

	33
	[A1/B1]
	Any
	[9,28,39] 
	97
	[C0]
	SFN % 2 = 0
	[28]

	34
	[A1/B1]
	Any
	[19,28,35] 
	98
	[C0]
	SFN % 2 = 0
	[35] 

	35
	[A1/B1]
	Any
	[9,19,28, 35, 39]
	99
	[C0]
	SFN % 2 = 0
	[39]

	36
	[A2/B2]
	SFN % 4 = 0
	[9]
	100
	[C0]
	Any
	[9]

	37
	[A2/B2]
	SFN % 4 = 0
	[19] 
	101
	[C0]
	Any
	[19] 

	38
	[A2/B2]
	SFN % 4 = 0
	[28]
	102
	[C0]
	Any
	[28]

	39
	[A2/B2]
	SFN % 4 = 0
	[35] 
	103
	[C0]
	Any
	[35] 

	40
	[A2/B2]
	SFN % 4 = 0
	[39]
	104
	[C0]
	Any
	[39]

	41
	[A2/B2]
	SFN % 2 = 0
	[9]
	105
	[C0]
	Any
	[9,28,39] 

	42
	[A2/B2]
	SFN % 2 = 0
	[19] 
	106
	[C0]
	Any
	[19,28,35] 

	43
	[A2/B2]
	SFN % 2 = 0
	[28]
	107
	[C0]
	Any
	[9,19,28, 35, 39]

	44
	[A2/B2]
	SFN % 2 = 0
	[35] 
	108
	[C2]
	SFN % 4 = 0
	[9]

	45
	[A2/B2]
	SFN % 2 = 0
	[39]
	109
	[C2]
	SFN % 4 = 0
	[19] 

	46
	[A2/B2]
	Any
	[9]
	110
	[C2]
	SFN % 4 = 0
	[28]

	47
	[A2/B2]
	Any
	[19] 
	111
	[C2]
	SFN % 4 = 0
	[35] 

	48
	[A2/B2]
	Any
	[28]
	112
	[C2]
	SFN % 4 = 0
	[39]

	49
	[A2/B2]
	Any
	[35] 
	113
	[C2]
	SFN % 2 = 0
	[9]

	50
	[A2/B2]
	Any
	[39]
	114
	[C2]
	SFN % 2 = 0
	[19] 

	51
	[A2/B2]
	Any
	[9,28,39] 
	115
	[C2]
	SFN % 2 = 0
	[28]

	52
	[A2/B2]
	Any
	[19,28,35] 
	116
	[C2]
	SFN % 2 = 0
	[35] 

	53
	[A2/B2]
	Any
	[9,19,28, 35, 39]
	117
	[C2]
	SFN % 2 = 0
	[39]

	54
	[A3/B3]
	SFN % 4 = 0
	[9]
	118
	[C2]
	Any
	[9]

	55
	[A3/B3]
	SFN % 4 = 0
	[19] 
	119
	[C2]
	Any
	[19] 

	56
	[A3/B3]
	SFN % 4 = 0
	[28]
	120
	[C2]
	Any
	[28]

	57
	[A3/B3]
	SFN % 4 = 0
	[35] 
	121
	[C2]
	Any
	[35] 

	58
	[A3/B3]
	SFN % 4 = 0
	[39]
	122
	[C2]
	Any
	[39]

	59
	[A3/B3]
	SFN % 2 = 0
	[9]
	123
	[C2]
	Any
	[9,28,39] 

	60
	[A3/B3]
	SFN % 2 = 0
	[19] 
	124
	[C2]
	Any
	[19,28,35] 

	61
	[A3/B3]
	SFN % 2 = 0
	[28]
	125
	[C2]
	Any
	[9,19,28, 35, 39]

	62
	[A3/B3]
	SFN % 2 = 0
	[35] 
	126
	N/A
	N/A
	N/A

	63
	[A3/B3]
	SFN % 2 = 0
	[39]
	127
	N/A
	N/A
	N/A



Table 5.b NR-RACH configuration table above 6 GHz (120K Hz)——128~256
	NR-RACH Configuration Index
	Preamble Format
	System frame number
	Slot
number
	NR-RACH Configuration Index
	Preamble Format
	System frame number
	Slot
number

	128+0
	[A0]
	SFN % 4 = 0
	[9]
	128+64
	[A3/B3]
	Any
	[9]

	128+1
	[A0]
	SFN % 4 = 0
	[19]
	128+65
	[A3/B3]
	Any
	[19]

	128+2
	[A0]
	SFN % 4 = 0
	[39]
	128+66
	[A3/B3]
	Any
	[39]

	128+3
	[A0]
	SFN % 4 = 0
	[59]
	128+67
	[A3/B3]
	Any
	[59]

	128+4
	[A0]
	SFN % 4 = 0
	[79]
	128+68
	[A3/B3]
	Any
	[79]

	128+5
	[A0]
	SFN % 2 = 0
	[9]
	128+69
	[A3/B3]
	Any
	[9,39,79] 

	128+6
	[A0]
	SFN % 2 = 0
	[19]
	128+70
	[A3/B3]
	Any
	[19,59,79] 

	128+7
	[A0]
	SFN % 2 = 0
	[39]
	128+71
	[A3/B3]
	Any
	[9,19,39,59,79]

	128+8
	[A0]
	SFN % 2 = 0
	[59]
	128+72
	[B4]
	SFN % 4 = 0
	[9]

	128+9
	[A0]
	SFN % 2 = 0
	[79]
	128+73
	[B4]
	SFN % 4 = 0
	[19]

	128+10
	[A0]
	Any
	[9]
	128+74
	[B4]
	SFN % 4 = 0
	[39]

	128+11
	[A0]
	Any
	[19]
	128+75
	[B4]
	SFN % 4 = 0
	[59]

	128+12
	[A0]
	Any
	[39]
	128+76
	[B4]
	SFN % 4 = 0
	[79]

	128+13
	[A0]
	Any
	[59]
	128+77
	[B4]
	SFN % 2 = 0
	[9]

	128+14
	[A0]
	Any
	[79]
	128+78
	[B4]
	SFN % 2 = 0
	[19]

	128+15
	[A0]
	Any
	[9,39,79]
	128+79
	[B4]
	SFN % 2 = 0
	[39]

	128+16
	[A0]
	Any
	[19,59,79]
	128+80
	[B4]
	SFN % 2 = 0
	[59]

	128+17
	[A0]
	Any
	[9,19,39,59,79]
	128+81
	[B4]
	SFN % 2 = 0
	[79]

	128+18
	[A1/B1]
	SFN % 4 = 0
	[9]
	128+82
	[B4]
	Any
	[9]

	128+19
	[A1/B1]
	SFN % 4 = 0
	[19]
	128+83
	[B4]
	Any
	[19]

	128+20
	[A1/B1]
	SFN % 4 = 0
	[39]
	128+84
	[B4]
	Any
	[39]

	128+21
	[A1/B1]
	SFN % 4 = 0
	[59]
	128+85
	[B4]
	Any
	[59]

	128+22
	[A1/B1]
	SFN % 4 = 0
	[79]
	128+86
	[B4]
	Any
	[79]

	128+23
	[A1/B1]
	SFN % 2 = 0
	[9]
	128+87
	[B4]
	Any
	[9,39,79] 

	128+24
	[A1/B1]
	SFN % 2 = 0
	[19]
	128+88
	[B4]
	Any
	[19,59,79] 

	128+25
	[A1/B1]
	SFN % 2 = 0
	[39]
	128+89
	[B4]
	Any
	[9,19,39,59,79]

	128+26
	[A1/B1]
	SFN % 2 = 0
	[59]
	128+90
	[C0]
	SFN % 4 = 0
	[9]

	128+27
	[A1/B1]
	SFN % 2 = 0
	[79]
	128+91
	[C0]
	SFN % 4 = 0
	[19]

	128+28
	[A1/B1]
	Any
	[9]
	128+92
	[C0]
	SFN % 4 = 0
	[39]

	128+29
	[A1/B1]
	Any
	[19]
	128+93
	[C0]
	SFN % 4 = 0
	[59]

	128+30
	[A1/B1]
	Any
	[39]
	128+94
	[C0]
	SFN % 4 = 0
	[79]

	128+31
	[A1/B1]
	Any
	[59]
	128+95
	[C0]
	SFN % 2 = 0
	[9]

	128+32
	[A1/B1]
	Any
	[79]
	128+96
	[C0]
	SFN % 2 = 0
	[19]

	128+33
	[A1/B1]
	Any
	[9,39,79] 
	128+97
	[C0]
	SFN % 2 = 0
	[39]

	128+34
	[A1/B1]
	Any
	[19,59,79] 
	128+98
	[C0]
	SFN % 2 = 0
	[59]

	128+35
	[A1/B1]
	Any
	[9,19,39,59,79]
	128+99
	[C0]
	SFN % 2 = 0
	[79]

	128+36
	[A2/B2]
	SFN % 4 = 0
	[9]
	128+100
	[C0]
	Any
	[9]

	128+37
	[A2/B2]
	SFN % 4 = 0
	[19]
	128+101
	[C0]
	Any
	[19]

	128+38
	[A2/B2]
	SFN % 4 = 0
	[39]
	128+102
	[C0]
	Any
	[39]

	128+39
	[A2/B2]
	SFN % 4 = 0
	[59]
	128+103
	[C0]
	Any
	[59]

	128+40
	[A2/B2]
	SFN % 4 = 0
	[79]
	128+104
	[C0]
	Any
	[79]

	128+41
	[A2/B2]
	SFN % 2 = 0
	[9]
	128+105
	[C0]
	Any
	[9,39,79] 

	128+42
	[A2/B2]
	SFN % 2 = 0
	[19]
	128+106
	[C0]
	Any
	[19,59,79] 

	128+43
	[A2/B2]
	SFN % 2 = 0
	[39]
	128+107
	[C0]
	Any
	[9,19,39,59,79]

	128+44
	[A2/B2]
	SFN % 2 = 0
	[59]
	128+108
	[C2]
	SFN % 4 = 0
	[9]

	128+45
	[A2/B2]
	SFN % 2 = 0
	[79]
	128+109
	[C2]
	SFN % 4 = 0
	[19]

	128+46
	[A2/B2]
	Any
	[9]
	128+110
	[C2]
	SFN % 4 = 0
	[39]

	128+47
	[A2/B2]
	Any
	[19]
	128+111
	[C2]
	SFN % 4 = 0
	[59]

	128+48
	[A2/B2]
	Any
	[39]
	128+112
	[C2]
	SFN % 4 = 0
	[79]

	128+49
	[A2/B2]
	Any
	[59]
	128+113
	[C2]
	SFN % 2 = 0
	[9]

	128+50
	[A2/B2]
	Any
	[79]
	128+114
	[C2]
	SFN % 2 = 0
	[19]

	128+51
	[A2/B2]
	Any
	[9,39,79] 
	128+115
	[C2]
	SFN % 2 = 0
	[39]

	128+52
	[A2/B2]
	Any
	[19,59,79] 
	128+116
	[C2]
	SFN % 2 = 0
	[59]

	128+53
	[A2/B2]
	Any
	[9,19,39,59,79]
	128+117
	[C2]
	SFN % 2 = 0
	[79]

	128+54
	[A3/B3]
	SFN % 4 = 0
	[9]
	128+118
	[C2]
	Any
	[9]

	128+55
	[A3/B3]
	SFN % 4 = 0
	[19]
	128+119
	[C2]
	Any
	[19]

	128+56
	[A3/B3]
	SFN % 4 = 0
	[39]
	128+120
	[C2]
	Any
	[39]

	128+57
	[A3/B3]
	SFN % 4 = 0
	[59]
	128+121
	[C2]
	Any
	[59]

	128+58
	[A3/B3]
	SFN % 4 = 0
	[79]
	128+122
	[C2]
	Any
	[79]

	128+59
	[A3/B3]
	SFN % 2 = 0
	[9]
	128+123
	[C2]
	Any
	[9,39,79] 

	128+60
	[A3/B3]
	SFN % 2 = 0
	[19]
	128+124
	[C2]
	Any
	[19,59,79] 

	128+61
	[A3/B3]
	SFN % 2 = 0
	[39]
	128+125
	[C2]
	Any
	[9,19,39,59,79]

	128+62
	[A3/B3]
	SFN % 2 = 0
	[59]
	128+126
	N/A
	N/A
	N/A

	128+63
	[A3/B3]
	SFN % 2 = 0
	[79]
	128+127
	N/A
	N/A
	N/A



Rules for dealing with overlapping of an actually transmitted SS/PBCH block and RACH resource for TDD
In RAN1#90bis, the following agreements are made:
· For TDD, RACH configurations maps RACH resources onto slots irrespective of the time locations of actually transmitted SS/PBCH block
· In the case that an actually transmitted SS/PBCH block overlap with a RACH resource within a RACH configuration period, define rules for which RACH resources that are still valid
· FFS: the rules (no RRC signalling involved in defining the rules)
· Also consider the DL/UL switching points
· Also consider potential impact due to semi-static DL/UL configuration and/or dynamic SFI
· Note: RAN1 strives to minimize the impact of the time location of the SS/PBCH block to the RACH configuration table design
Since both the candidate slot indices of RACH time resource and actually transmitted SS block are available from RMSI, the UE can determine whether an actually transmitted SS/PBCH block overlaps with a RACH resource within a RACH configuration period. If there is an overlapping, UE can perform one of the following two options, which can be pre-defined in specification:
· Option 1: UE will ignore the overlapping slots and will only transmit PRACH preambles in non-overlapping slots.
· Option 2: UE can transmit PRACH preambles in non-overlapping slots in case that available number of OFDM symbols for uplink transmission in the non-overlapping slots is no less than the number of repeated sequences in a configured PRACH format.
For option 2, although the complexity of UE implement and UE scheduler is much higher, the resource efficiency is higher compared with option 1. Therefore, option 2 is preferred.
Proposal 5: When an actually transmitted SS/PBCH block is overlapped with RACH resource in TDD mode, UE can transmit PRACH preambles in non-overlapping slots in case that available number of OFDM symbols for uplink transmission in the non-overlapping slots is no less than the number of repeated sequences in a configured PRACH format. 

Necessity of RACH capacity enhancement
In this section, the following four new use cases for RACH design and their impact on RACH capacity enhancement are considered.
· CASE 1: Beam association at gNB and UE
· CASE 2: Beam recovery requests 
· CASE 3: Out-of-sync recovery requests
· CASE 4: On demand SI requests
CASE 1: Beam association at gNB and UE
Beam management should also be supported in NR for both downlink synchronization signal and uplink PRACH, especially for frequency bands above 6GHz. In RAN1#88, it was agreed to support:
· At least for the case without gNB Tx/Rx beam correspondence, gNB can configure an association between DL signal/channel, and a subset of RACH resources and/or a subset of preamble indices, for determining Msg2 DL Tx beam.
· Based on the DL measurement and the corresponding association, UE selects the subset of RACH resources and/or the subset of RACH preamble indices
Impact on RACH capacity
Supporting the association between DL signal/channel (e.g., SS block) and RACH resources will require using multiple RACH time-frequency resources. It will be much worse especially when Tx/Rx reciprocity is not available, where a large number of RACH resources and/ or sequences is needed to support both multi-beam RACH operation and DL Tx beam reporting, resulting of larger overhead. Therefore, association with RACH preamble sequences could also be considered to indicate the DL SS in order to avoid too large overhead of RACH resources. However, the pool of available RACH sequences would need also to be increased.
In RAN1#89, the maximum number of SS-blocks within SS burst set, which corresponds to the number of beams, it was agreed that:
· 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
Besides the DL beam association at the gNB, the correspondence of UL Tx beam and UL Rx beam at the UE can only set up based on PRACH transmission. Thus, without UE Tx/Rx reciprocity, PRACH capacity needs to be increased significantly in comparison with LTE.
· Observation 1: For supporting association between DL signal/channel (e.g., SS blocks) and RACH preamble indices for initial access, and  UL Tx beam sweeping at the UE for initial access, the capacity of RACH preamble is required to be proportional to the number of supported PRACH users times the maximum number of SS-blocks within SS burst set, L.

CASE 2: Beam recovery requests 
In RAN1#89, RAN1 reached the following agreements on DL beam failure detection and recovery in the previous meeting.
Agreements:
· Support the following channel(s) for beam failure recovery request transmission:
· Non-contention based channel based on PRACH, which uses a resource orthogonal to resources of other PRACH transmissions, at least for the FDM case
· FFS other ways of achieving orthogonality, e.g., CDM/TDM with other PRACH resources
· FFS whether or not have different sequence and/or format than those of PRACH for other purposes 
· Note: this does not prevent PRACH design optimization attempt for beam failure recovery request transmission from other agenda item 
· FFS: Retransmission behavior on this PRACH  resource is similar to regular RACH procedure
· Support using PUCCH for beam failure recovery request transmission
· FFS whether PUCCH is with beam sweeping or not
· Note: this may or may not impact PUCCH design
· FFS Contention-based PRACH resources as supplement to contention-free beam failure recovery resources
· From traditional RACH resource pool
· 4-step RACH procedure is used
· Note: contention-based PRACH resources is used e.g., if a new candidate beam does not have resources for contention-free PRACH-like transmission 
· FFS whether a UE is semi-statically configured to use one of them or both, if both, whether or not support dynamic selection of one of the channel(s) by a UE if the UE is configured with both 

Impact on RACH capacity
As agreed in RAN#88bis, NR RACH capacity shall be at least as high as in LTE, which is achieved by time/code/frequency multiplexing for a given total amount of time/frequency resources. In this section, the impact on RACH capacity is analyzed.
There are two kinds of beam failure request signals, PRACH and PUCCH. As discussed in our companion contribution [3], the PUCCH-based approach, in our understanding, is a *best-effort* optimization where beam failure request is transmitted on the earliest available uplink channel. Although it is conceptually possible to reduce feedback delay, its realistic performance benefits are unclear due to the need of beam sweeping and TA re-acquisition in the uplink. Hence beam failure request is preferably sent by PRACH using UL beam sweeping (if DL/UL correspondence does not hold), or an UL beam equivalent to the DL Rx beam of the new candidate beam (if DL/UL correspondence holds).
The capacity of RACH preamble depends how to realize the orthogonality among RACH preambles. Although FDM and TDM can be used to realize the orthogonality, they are resource inefficient, since the enhancement of RACH capability with FDM/TDM depends on the available frequency and time resources. . Thus, CDM can be a good choice, since it may enhance the RACH capability without increasing the frequency and time resources. For beam failure recovery, the required capacity of RACH preamble depends on the number of users which carry on beam failure recovery request transmission. The number of OFDM symbols in time domain depends on the number of beams.
· Observation 2: For non-contention based beam failure recovery based on PRACH channel, the capacity of RACH preamble depends on the number of users which carry on beam failure recovery request transmission multiplied with the number of DL beams. 

CASE 3: Out-of-sync recovery requests 
The impact of out-of-sync recovery requests on the capacity of RACH preamble is similar to beam recovery requests, while the difference lies in that users are in sync mode in the procedure of beam recovery, while in out-of-sync mode in the procedure of out-of-sync recovery. Thus, the same conclusion can be drawn as the beam recovery requests, except the impact on preamble formats. Timing estimation is required in the procedure of out-of-sync recovery, which is the same as the case in initial access.
· Observation 3: The impact of out-of-sync recovery requests on the capacity of RACH preamble is similar to beam recovery requests, which depends on the number of users which carry on out-of-sync recovery request transmission multiplied with the number of beams. The same RACH preamble format can be considered in the procedure of beam recovery, where the CP length can be shorter than normal CP length of RACH preamble format. 

CASE 4: On demand SI requests
Regarding on-demand SI delivery, RAN2 made the following agreements at the RAN2 #97bis meeting:
Agreements for on demand request of broadcast SI transmission.
1:	For idle and inactive mode, there will be network control whether MSG1 or MSG3 can be used to transmit SI request.
2: 	If the PRACH preamble and/or PRACH resource specific to each SIB or set of SIBs which the UE needs to acquire is included in minimum SI then SI request is indicated using MSG 1.
3:  If the PRACH preamble and/or PRACH resource specific to each SIB or set of SIBs which the UE needs to acquire is not included in minimum SI then SI request is included in MSG3.
FFS Error handing in case SI is not received
FFS whether the request delivered in MSG 3 can be used for unicast delivery or for delivery of SI by dedicated signalling after a transition into connected or other options

Impact on RACH capacity
The impact of on-demand SI delivery on the capacity of RACH preamble is similar to beam recovery requests, which depends on the number of users multiplied with the number of beams.
From CASE 1 to CASE 4 discussed in this section, we can get the conclusion as follows:
Proposal 6: NR should support RACH capacity enhancement after Rel-15.
Performance analysis of NR RACH option 4
In [7], NR RACH option 4 is proposed for further capacity enhancement, in addition to flexible capacity control based on multiple RACH resources.
· Option 4: Different RACH sequences with CP is used and GT is reserved at the end of the consecutive multiple/repeated RACH preambles
In terms of increasing RACH capacity based on multiple RACH resources, the overhead of RACH resources is very large and highly inefficient.





For option 1 and option 2, the number of supported RACH preamble increases linearly. For option 4, the number of supported preamble increases almost exponentially. For fair comparison, only a PRACH sub-band and a PRACH time slot are assumed in the following analysis. Take , and  and 71 for LTE RACH preamble format 4 and NR RACH preamble separately for example, the total sequence number can be calculated as , and .The total number of multi-stage sequence is much larger than that of one-stage sequence (), which will result in a much lower collision probability.
As given in [7], the collision probability of multi-stage sequence is much lower than that of one-stage sequence, which is shown in Table 6.
Table 6. Collision probability of two types of RACH preamble sequence
	


\ \
	LTE RACH preamble format 4 with one stage
	NR RACH preamble option 4 with two stage

	
	

	


	
=1.0
	0.013
	0.00016

	
=5.0
	0.061
	0.00078

	
=10.0
	0.12
	0.0015

	
=15.0
	0.17
	0.0023

	
=20.0
	0.22
	0.0031

	
=50.0
	0.47
	0.0077



As given in [7], the impact of frequency offset on the time offset, NR PRACH-option 4 with multi-stage sequence can provide more robust timing offset estimation under the impact of frequency offset than RACH preamble with one-stage sequence. Two methods are given for the solution of the potential detection ambiguity. NR RACH option 4 with two-stage sequence can achieve a better performance than LTE RACH preamble with one-stage sequence with large frequency offset.
Proposal 7: NR should support RACH design option 4 for candidate method of RACH capacity enhancement, where different sequences (either different ZC sequences or ZC sequences cover with m-sequences) are used across multiple PRACH preambles.

Conclusion
This paper investigates the remaining issues for RACH preamble formats. 
· Observation 1: For supporting association between DL signal/channel (e.g., SS blocks) and RACH preamble indices for initial access, and  UL Tx beam sweeping at the UE for initial access, the capacity of RACH preamble is required to be proportional to the number of supported PRACH users times the maximum number of SS-blocks within SS burst set, L.
· Observation 2: For non-contention based beam failure recovery based on PRACH channel, the capacity of RACH preamble depends on the number of users which carry on beam failure recovery request transmission multiplied with the number of DL beams. 
· Observation 3: The impact of out-of-sync recovery requests on the capacity of RACH preamble is similar to beam recovery requests, which depends on the number of users which carry on out-of-sync recovery request transmission multiplied with the number of beams. The same RACH preamble format can be considered in the procedure of beam recovery, where the CP length can be shorter than normal CP length of RACH preamble format. 
We have the following proposals:
Proposal 1: PRACH configuration at least includes the following information: time allocation, frequency allocation, preamble format, root sequence, cyclic shift configuration, associated SS block index, information on whether restricted sets is used or not, and the number of PRACH preambles per SSB or per PRACH occasion.
Proposal 2: NR should support a RACH slot with PRACH format A0 only, but do not support a RACH slot with RACH formats A1/A2/A3 only. 
Proposal 3: NR should support two NR RACH configuration tables: one for below 6GHz and the other for above 6GHz.
Proposal 4: For NR RACH configuration table design, Table 4 and Table 5 are proposed.
Proposal 5: When an actually transmitted SS/PBCH block is overlapped with RACH resource in TDD mode, UE can transmit PRACH preambles in non-overlapping slots in case that available number of OFDM symbols for uplink transmission in the non-overlapping slots is no less than the number of repeated sequences in a configured PRACH format.
Proposal 6: NR should support RACH capacity enhancement after Rel-15.
Proposal 7: NR should support RACH design option 4 for candidate method of RACH capacity enhancement, where different sequences (either different ZC sequences or ZC sequences cover with m-sequences) are used across multiple PRACH preambles.
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