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[bookmark: _Ref471367327]Introduction
[bookmark: _Hlk494285079]PRACH agreements and working assumptions in RAN1 NR Ad-Hoc#3 include the following:

Agreements:
· At least for initial access, the association between SS blocks and RACH preamble indices and/or RACH resources is based on the actually transmitted SS blocks indicated in RMSI


PRACH agreements and working assumptions in RAN1 #90bis include the following:

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:
· 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:
· Let X be the number of PRACH transmission occasions in the RACH configuration period which are associated (by the SSB to RACH resource association rule) with the actually transmitted SS blocks in the SS burst set period.
· X can be greater than, equal to or smaller than the number of actually transmitted SS blocks in the SS burst set

PRACH agreements and working assumptions in RAN1 #91 include the following:

Agreements:
· Using 9 bits in the RRC for the RACH configuration. 
· 8 bits to indicate the prach-ConfigIndex
· 1 bit to indicate prach-Msg1SubcarrierSpacing 
· Range of values: {15, 30} or {60, 120} kHz
· Note: For above 6GHz 1 bit is used to indicate the SCS for Msg1, for below 6GHz 1- bit to indicate the SCS for Msg1 (applicable for the short sequence, for the long sequence it is given by the format)
· Different tables for FDD and TDD
· No need to indicate sequence length
· prach-ConfigIndex: 
· Range of values: {0,1,..,255}
· prach-Msg1SubcarrierSpacing
· Range of values: 0, 1
· For below 6GHz the values indicate 15kHz or 30kHz
· For above 6GHz the values indicate 60kHz or 120kHz
Agreements:
· For format 2, introduce a configurable offset with a value chosen from [0,[6]] symbols based on 15kHz SCS
· No configurable offset for other formats based on long sequences
· prach-StartingSymbolIndex for short sequence
· Range of values: {0, 2}
· prach-EndSymbolIndex for short sequence
· Range of values: {[11], 13}
· (Working assumption) handling of the above 3 parameters is to be included in the configurable table instead of a separate configuration

Agreements:
· Configuration period:
· Range of values: {10, 20, 40, 80, 160} ms
· Note that handling of the above is to be included in the configurable table instead of a separate configuration

Agreements:
For PRACH preamble formats based on the short sequence length, NR supports the following formats: 
· For Rel15, format A0 is not supported for SCS = 15/30/60/120kHz
· Format A
· A1, A2, A3
· Note: for only format A case, consider leaving a blank symbol at the end of the RACH transmission
· Format B 
· B4, B1
· Format A in combination with format B
· A1/B1, A2/B2, A3/B3
· For format C
· C0 and C2
Note: Only one format is configured by the gNB
· Send LS to RAN4 to check format A1/A2/A3 for 120kHz and format C0 for 120kHz. [Intel] R1-1721561, revised in R1-1721622, which is approved by removing “B1” entry in the table, final LS is in R1-1721630

Agreements:
· NR support consecutive mapping of RACH resources within a RACH slot

Agreements:
The PRACH configuration tables uses the following columns for the parameters with related parameter values
· PRACH Configuration number
· Values: 0-255
· Preamble Format
· Long sequence: 0-3
· Short sequence: A1, A2, A3, A1/B1, A2/B2, A3/B3, B1, B4, C0, C2
· Configuration period
· Values {1,2,4,8,16} (10ms*Nperiod)
· SFN mod Config. period
· For below 6GHz, subframe numbering is used 
· Granularity is 1ms, based on 15kHz SCS
· For short sequence length and SCS = 30kHz, the number of RACH slots in a subframe can be 1 or 2
· When there is only one RACH slot the second RACH slot is used
· For short sequence length and SCS = 15kHz, the number of RACH slots in a subframe is be 1
· RACH slot number is used for above 6GHz 
· 0.25ms granularity based on SCS = 60kHz 
· For the 120kHz SCS the number of RACH slots in 0.25ms can be 1 or 2 
· When there is only one RACH slot the second RACH slot is used
· For the 60kHz SCS the number of RACH slots in 0.25ms is 1
· Start symbol Index (in Msg1 SCS for short sequence and 15kHz for long sequence): 
· Values {0,2} for short sequence
· Values {0,6} for format 2
· Always be 0 for format 0,1,3
· FFS definition of the starting symbol for the unpaired spectrum 
· Number of time domain RACH occasions within a RACH slot
· For preamble format (working assumption), at least the following # of occasions:
· A1: 6
· A2: 3
· A3: 2
· B4: 1
· B1: 6 or 7
· C0: 4
· C2: 2
· A1/B1: 6 or 7
· A2/B2: 3
· A3/B3: 2
· The value is not applicable (N/A) for format 0-3

Agreements:
· For long sequence with length 839, NR adopts the root Zadoff-Chu sequence order (logical to physical root mapping) as in LTE given by 36.211 Table 5.7.2-4
· For short sequence with length 139, NR adopts the root Zadoff-Chu sequence order (logical to physical root mapping) as in LTE given by 36.211 Table 5.7.2-5

Agreements:
· For long sequence:
· At least for table for paired spectrum, for PRACH format 0 and 1 and configuration period 10/20ms only select from LTE table
· Adding entries for Configuration period of 40ms, 80ms and160ms
· For short sequence, below 6GHz
· Strive to follow the subframe number as used for the long sequence in order to provide RACH configurations with the same density as for the long sequences
Working assumption:
· At least for table for paired spectrum, format 3 can use the same configuration with format 0 as the same format length (but different PRACH configuration indices)

Agreements:
· NR supports the following table
· Note: the PRACH config index below needs to be adjusted to allow for additional new entries and to have consecutive indexing for each PRACH format

	PRACH Config. Index
	Preamble Format
	Config. Period 
	Subframe number
	SFN mod Config. period
	Start symbol Index
	Number of RACH slots within a subframe
	Number of RACH occasions within a RACH slot

	0
	0
	2
	1
	1
	N/A
	N/A
	N/A

	1
	0
	2
	4
	1
	N/A
	N/A
	N/A

	...
	...
	...
	...
	...
	...
	...
	...


(See Chariman’s notes for full table)

· NR supports the following table
· Note: the PRACH config index below needs to be adjusted to allow for additional new entries and to have consecutive indexing for each PRACH format

Table 2: RACH configuration table for below 6GHz (Format 3)

	PRACH Config. Index
	Preamble Format
	Config. Period 
	Subframe number
	SFN mod Config. period
	Start symbol Index
	Number of RACH slots within a subframe
	Number of RACH occasions within a RACH slot

	X
	3
	2
	1
	1
	N/A
	N/A
	N/A

	X+1
	3
	2
	4
	1
	N/A
	N/A
	N/A

	…
	…
	…
	…
	…
	…
	…
	…


(See Chariman’s notes for full table)

Working assumption:
· NR supports the following table for paired spectrum
· Note: the PRACH config index below needs to be adjusted to allow for additional new entries and to have consecutive indexing for each PRACH format
Table 3: RACH configuration table for below 6GHz (Format 2)

	PRACH Config. Index
	Preamble Format
	Config. period
	Subframe number
	SFN mod Config. period
	Start symbol Index
	Number of RACH slots within a subframe
	Number of RACH occasions within a RACH slot

	Y
	2
	4
	1
	0
	0
	N/A
	N/A

	Y+1
	2
	2
	1
	0
	0
	N/A
	N/A

	Y+2
	2
	2
	5
	0
	0
	N/A
	N/A

	Y+3
	2
	1
	1
	0
	0
	N/A
	N/A

	Y+4
	2
	1
	5
	0
	0
	N/A
	N/A




Working assumption:
· If the Semi-static UL/DL configuration is in RMSI, only PRACH occasions within the UL part is transmitted
· UE assumes that RACH occasions configured in RMSI are not collided with DL transmission
· Introducing start symbol(s) larger than 2 for a limited number of entries in the Configuration table.
· If the Semi-static UL/DL configuration is in OSI
· Symbol index for the unpaired spectrum is also physical symbol index
· UE assume that RACH occasions configured in RMSI are not collided with DL transmission
· Introducing start symbol(s) larger than 2 for a limited number of entries in the Configuration table.

Working assumption:
· When multiple SS block are associated with one RACH transmission occasion, the preamble indices for CBRA for each SS block are mapped consecutively

Agreements:
· For ZC type RACH preamble sequence, RACH preamble indices within one RACH transmission occasion are in the order of:
· Increasing cyclic shifts of a root sequence with logical root index and then
· Increasing logical root index
Agreements:
· NR, at least, supports following mapping from actually transmitted SS blocks to RACH occasion/preamble index.
i. In the order of increasing preamble indices in single RACH occasion and then
ii. In the order of increasing the number of frequency multiplexed RACH occasions and then
iii. In the order of increasing the number of time multiplexed RACH occasions within a RACH slot
iv. In the order of increasing the number of RACH slots
· When multiple FDMed RACH occasions are configured, at least support one configuration where all FDMed RACH occasions get mapped to the same SSB, where different SSBs are associated with different RACH occasions in time domain
· FFS: when multiple FDMed RACH occasions are configured, support one configuration where all FDMed RACH occasions get mapped to one set of SSBs

Agreements:
· Support separate configuration of the number of PRACH transmission occasions FDMed in one time instance.
· Size of value range is 2 bits.
· From UE perspective, all available FDMed PRACH transmissions occasions for initial access are configured within the initial active uplink BWP.
· Initial Active UL BWP’s(s) frequency position
· Up to RAN4 to decide
· FFS default value
· Relative frequency offset of Msg1
· Note: This defines the offset of lowest PRACH transmission occasion in frequency domain with respective to PRB 0 of initial active UL BWP(s)
· Value: {0,1,…,Bandwidth of initial active UL BWP in terms of PRBs – Bandwidth of the RACH occasion in terms of PRBs}
· The FDMed RACH transmission occasions are consecutive in frequency domain.
· Note: Bandwidth of RACH transmission occasion is an integer number of PRBs including the guard tones.
· FFS indexing of FDMed RACH transmissions occasions
· RAR window is defined in terms of slot length with respect to Msg2 SCS.
· Note: Exact duration of RAR window is decided in RAN2
· RSRPThreshold-CSI-RS
· Size of the value range is same as that of RSRPThreshold-SSB
· ra-PreambleIndexConfig
· Value range: {0,1,…,63}

Agreements:
· Preamble indices for CBRA and CFRA are mapped consecutively for one SSB in one RACH transmission occasion.
· Association of CFRA preambles with SSBs can be reconfigured through UE-specific RRC signaling.
· Note: this does not preclude the gNB to possibly configure that the number of CFRA preambles per RO is smaller than the number of actually transmitted SSBs configured in RMSI
Agreements:
· gNB configures in RMSI the following:
· Number of CBRA preambles per SSB per RACH transmission occasion
· Number of SSBs per RACH occasion
· Number of CBRA preambles per SSB per RACH transmission occasion
· Maximum size for the range of values: 4 bits
· Number of SSBs per RACH occasion
· Maximum size for the range of values: 3 bits

Agreements:
· The preambles contained within each RACH transmission occasion are indexed from 0 to 63, which is also used for RAPID.

Agreements:
· For every time period, the first actually transmitted SSB in a SSB burst set is mapped to the first PRACH occasion 
· FFS the time period (note: there is no additional RRC impact)

In this contribution, we focus on PRACH formats and configurations details, including associations between SSB and RACH preambles.  This contribution is a major revision of [1]. RACH capacity enhancements are discussed in [3].


[bookmark: _Ref178064866]Discussion
[bookmark: _Ref498515583]PRACH preamble formats
Agreed formats are summarized in Table 1 (long sequence) and Table 2 (short sequence). With short sequence, multiple preambles can be time-multiplexed in one slot as illustrated in Figure 1 (start symbol value of 0) and Figure 2 (start symbol value of 2, to yield a gap for PDCCH). However, a few concerns have been raised with the shown arrangement.

[bookmark: _Ref503276271]Table 1. PRACH preamble formats for long sequence (L = 839) 
	Preamble
format
	SCS (kHz)
	BW (MHz)
	N_OS
	N_RP
	T_SEQ (Ts)
	T_CP (Ts)
	T_GP (Ts)
	Use case

	0
	1.25
	1.08
	1
	1
	24576
	3168
	2975
	LTE refarming

	1
	1.25
	1.08
	2
	1
	2*24576
	21024
	21904
	Large cell, up to 100 km

	2 
	1.25
	1.08
	4
	1
	4*24576
	4688
	4528
	Coverage enhancement

	3
	5
	4.32
	4
	1
	4*6144
	3168
	2976
	High speed case





[bookmark: _Ref503276273]Table 2. PRACH preamble formats for short sequence (L = 139) *
	Preamble
format
	# of 
seq.
	TCP
(Ts)
	TSEQ
(Ts)
	TGP
(Ts)
	Path profile 
(Ts)
	Path profile 
(s)
	Maximum 
cell radius
(m)
	Use case

	A
	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
	1
	2
	216
	4096
	72
	96 
	3.13 
	352
	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
	1096
	144
	4.69
	5300
	Normal cell

	
	2
	4
	2048
	8192
	2916
	144
	4.69
	9200
	Normal cell


* Example for 15 kHz SCS, other SCSs obtained by time scaling 


[image: ]
[bookmark: _Ref503276294]Figure 1. PRACH preamble formats for short sequence, with SCS of 15 kHz (based on agreements)

[image: ]
[bookmark: _Ref503276296]Figure 2. PRACH preamble formats for short sequence, with gap of 2 symbols for PDCCH, with SCS of 15 kHz (based on agreements).

[bookmark: _Ref498691959]Interference from PRACH into next slot
Concerns have been raised [4][5] that there could be significant interference from PRACH into the next slot in the cases where a preamble occurs in the last symbol of the slot. It has been agreed to partially allow mitigation of this by introducing the mixed formats Ax/Bx where all preambles of the slot are Ax except the last which is Bx (which has a small guard). However, with long propagation delays this might not be enough. Also, the use of a B preamble at the end leads to non-uniform detection performance for different preambles (since the format B preamble is shorter due to the guard, cf. also the different cell sizes listed for A vs B in Table 2), which may complicate both RAN4 requirements and network planning.

[bookmark: _Toc498700163][bookmark: _Toc498700224][bookmark: _Toc498702075][bookmark: _Toc503266035][bookmark: _Toc503339740][bookmark: _Toc503447882][bookmark: _Toc503513638][bookmark: _Toc503513914][bookmark: _Toc503518946][bookmark: _Toc503519588][bookmark: _Toc503519886][bookmark: _Toc503520364][bookmark: _Toc503520685][bookmark: _Toc503536728][bookmark: _Toc503536878][bookmark: _Toc503538125][bookmark: _Toc503540333][bookmark: _Toc498694597][bookmark: _Toc503540816]Having a mixed Ax/Bx format, where format B preamble instead of format A preamble is used in the last preamble time domain RACH occasion of a slot, might not yield large enough guard in all scenarios. Furthermore, it can lead to non-uniform detection performance between preambles, which may complicate RAN4 requirements as well as network planning. 
	
Three possible options:
1. Allow this inter-slot interference (and non-uniform performance)
2. Have a special preamble for last time domain RACH occasion in a slot with an even larger guard
3. Have all preambles being the same, but not necessarily transmit preambles until the end, i.e. 
· A1: 6 preambles without PDCCH, 5 preambles with PDCCH gap (start symbol 2)
· A2: 3 preambles without PDCCH, 2 preambles with PDCCH gap (start symbol 2)
· A3: 2 preambles without PDCCH, 1 preamble with PDCCH gap (start symbol 2)
· B1: 6 preambles without PDCCH, 5 preambles with PDCCH gap (start symbol 2)
· C0: 6 preambles without PDCCH, 5 preambles with PDCCH gap (start symbol 2)
Option 1 can maintain RACH detection performance and capacity, at the expense of some inter-slot interference in larger cells, and non-uniform performance. Option 2 leads to reduced and non-uniform RACH detection performance, but maintains RACH capacity and reduces inter-slot interference. Option 3 avoids inter-slot interference and maintains good, uniform RACH detection performance, at the expense of reduced RACH capacity (or increased amount of resource needed for RACH) in some situations.  Option 3 seems to be the cleanest, safest, and most future-proof solution. Moreover, option 3 is already partly incorporated in the draft RACH configuration tables [6] for the case of start symbol 0, and could easily be incorporated also for the case of start symbol 2 (PDCCH gap). For explicit table proposals, see Section 2.3.

[bookmark: _Toc498694599][bookmark: _Toc498700165][bookmark: _Toc498700226][bookmark: _Toc498702077][bookmark: _Toc501631680][bookmark: _Toc503266037][bookmark: _Toc503339742][bookmark: _Toc503358321][bookmark: _Toc503360071][bookmark: _Toc503442605][bookmark: _Toc503447868][bookmark: _Toc503513641][bookmark: _Toc503513917][bookmark: _Toc503518949][bookmark: _Toc503519591][bookmark: _Toc503519889][bookmark: _Toc503520367][bookmark: _Toc503520688][bookmark: _Toc503536731][bookmark: _Toc503536881][bookmark: _Toc503538128][bookmark: _Toc503540336][bookmark: _Toc503540819]For RACH formats A1, A2, A3, B1, and C0 support configurations where the last symbol of a slot is not used

Note in particular, that for format C0, an agreement in [7] stated that only 4 time domain RACH occasions per slot should be used, cf. Figure 1 and Figure 2. This seems to be an excessive guard period, and it is reasonable instead to allow 5 and 6 time domain RACH occasions for the cases of start symbol 0 and 2, respectively.

[bookmark: _Toc503360072][bookmark: _Toc503442606][bookmark: _Toc503447869][bookmark: _Toc503513642][bookmark: _Toc503513918][bookmark: _Toc503518950][bookmark: _Toc503519592][bookmark: _Toc503519890][bookmark: _Toc503520368][bookmark: _Toc503520689][bookmark: _Toc503536732][bookmark: _Toc503536882][bookmark: _Toc503538129][bookmark: _Toc503540337][bookmark: _Toc503540820]For preamble format C0, 6 time domain RACH occasions per slot should be used if start symbol is 0, and 5 time domain RACH occasions per slot should be used if start symbol is 2.

Some configurations where the last symbol is not used are illustrated in Figure 3 and Figure 4. It may, however, be noted that for the case of a start symbol value of 2 and format A3, this proposal can lead to 50% of the preamble time domain RACH occasions being unused, see Figure 4. 


[image: ]
[bookmark: _Ref503277748]Figure 3. PRACH preamble formats for short sequence, with SCS of 15 kHz (proposed possible allocation)

[image: ]
[bookmark: _Ref503277750]Figure 4. PRACH preamble formats for short sequence, with gap of 2 symbols for PDCCH, with SCS of 15 kHz (proposed possible allocation).


It is therefore desirable to support also a start symbol value of 1, which leaves a gap for a short PDCCH without discarding any preamble.

[bookmark: _Toc498694600][bookmark: _Toc498700166][bookmark: _Toc498700227][bookmark: _Toc498702078][bookmark: _Toc501631681][bookmark: _Toc503266038][bookmark: _Toc503339743][bookmark: _Toc503358322][bookmark: _Toc503360073][bookmark: _Toc503442607][bookmark: _Toc503447870][bookmark: _Toc503513643][bookmark: _Toc503513919][bookmark: _Toc503518951][bookmark: _Toc503519593][bookmark: _Toc503519891][bookmark: _Toc503520369][bookmark: _Toc503520690][bookmark: _Toc503536733][bookmark: _Toc503536883][bookmark: _Toc503538130][bookmark: _Toc503540338][bookmark: _Toc503540821]Support, at least for format A3, a RACH start symbol value of 1, in addition to already agreed start symbols 0 and 2.

Some resulting configurations are illustrated in Figure 5. See Section 2.3.3 for explicit RACH configuration table proposals including start symbol 1 for format A3.


[image: ]
[bookmark: _Ref503278055]Figure 5. PRACH preamble formats for short sequence, with gap of 1 symbol for PDCCH, with SCS of 15 kHz (proposed possible allocations).

Interference from PRACH into PDCCH in TDD systems
An even more severe concern than that of Section 2.1.1 is TRP-to-TRP DL-to-UL interference between PRACH and a preceding PDCCH transmitted in a gap at the beginning of the slot. Such TRP-to-TRP interference is not limited to the nearest cell, but can reach many cells away, and may hence require larger guard. Although this may not be an issue in all scenarios, it is important to have flexibility to avoid the problem in any future deployments where it might occur. As the issue is about capacity rather than coverage, it is needed also for short sequences, not only for the very long preamble format 2. The concern can be accounted for by supporting a RACH start symbol value up to 6 also for some short sequence formats. The functionality is easily incorporated in the agreed RACH configuration table structure, through the column “Start symbol Index”. For explicit table proposals, see Section 2.3.

[bookmark: _Toc498694601][bookmark: _Toc498700167][bookmark: _Toc498700228][bookmark: _Toc498702079][bookmark: _Toc501631682][bookmark: _Toc503266039][bookmark: _Toc503339745][bookmark: _Toc503358324][bookmark: _Toc503360074][bookmark: _Toc503442608][bookmark: _Toc503447871][bookmark: _Toc503513644][bookmark: _Toc503513920][bookmark: _Toc503518952][bookmark: _Toc503519594][bookmark: _Toc503519892][bookmark: _Toc503520370][bookmark: _Toc503520691][bookmark: _Toc503536734][bookmark: _Toc503536884][bookmark: _Toc503538131][bookmark: _Toc503540339][bookmark: _Toc503540822]Support also a RACH start symbol value of 6 also for some short sequences, to allow mitigation of TRP-to-TRP interference in TDD systems.




[bookmark: _Toc468450825][bookmark: _Ref492548814][bookmark: _Ref485385801]Remaining value ranges for RACH configuration parameters
It is agreed to use 2 bits to configure the number of RACH occasions FDMed in one time instance (i.e. in one time domain RACH occasion). In order to have a large range of FDMed occasions for good capacity, while avoiding excessive granularity, it is reasonable to have an exponential value range like {1, 2, 4, 8}.

[bookmark: _Toc501631683][bookmark: _Toc503266040][bookmark: _Toc503339746][bookmark: _Toc503358325][bookmark: _Toc503360075][bookmark: _Toc503442609][bookmark: _Toc503447872][bookmark: _Toc503513645][bookmark: _Toc503513921][bookmark: _Toc503518953][bookmark: _Toc503519595][bookmark: _Toc503519893][bookmark: _Toc503520371][bookmark: _Toc503520692][bookmark: _Toc503536735][bookmark: _Toc503536885][bookmark: _Toc503538132][bookmark: _Toc503540340][bookmark: _Toc503540823]The number of RACH occasions FDMed in one time instance should have a value range {1, 2, 4, 8}.
	
It has been agreed to use 3 bits to configure the number of SSBs per RACH occasion. In particular in systems below 6 GHz, where wide beams can be expected, it may be beneficial to allow an SSB to be associated with multiple RACH occasions for capacity, i.e. the value range must go below 1. At the same time, in particular in systems above 6 GHz, where narrow beams and many SSBs may be used for coverage, it may be desirable to allow large values, even up to 64 (the total number of preambles per RACH occasion).

[bookmark: _Toc501631684][bookmark: _Toc503266041][bookmark: _Toc503339747][bookmark: _Toc503358326][bookmark: _Toc503360076][bookmark: _Toc503442610][bookmark: _Toc503447873][bookmark: _Toc503513646][bookmark: _Toc503513922][bookmark: _Toc503518954][bookmark: _Toc503519596][bookmark: _Toc503519894][bookmark: _Toc503520372][bookmark: _Toc503520693][bookmark: _Toc503536736][bookmark: _Toc503536886][bookmark: _Toc503538133][bookmark: _Toc503540341][bookmark: _Toc503540824]Below 6 GHz, the number of SSBs per RACH occasion should have a value range {1/4, 1/2, 1, 2, 4, 6, 8, 16}.


[bookmark: _Toc501631685][bookmark: _Toc503266042][bookmark: _Toc503339748][bookmark: _Toc503358327][bookmark: _Toc503360077][bookmark: _Toc503442611][bookmark: _Toc503447874][bookmark: _Toc503513647][bookmark: _Toc503513923][bookmark: _Toc503518955][bookmark: _Toc503519597][bookmark: _Toc503519895][bookmark: _Toc503520373][bookmark: _Toc503520694][bookmark: _Toc503536737][bookmark: _Toc503536887][bookmark: _Toc503538134][bookmark: _Toc503540342][bookmark: _Toc503540825]Above 6 GHz, the number of SSBs per RACH occasion should have a value range {1/2, 1, 2, 4, 8, 16, 32, 64}.

It has been agreed to use 4 bits to configure the number of CBRA preambles per SSB per RACH occasion. A linear value range 4*N, 1 <= N <= 16, has been proposed. It may be noted that the granularity for small values is then quite coarse (e.g., with the number of SSBs per RACH occasion set to 16, i.e. 64/16 = 4 preambles per SSB, one would have to choose between only CBRA preambles or only CFRA preambles), while the granularity for some larger values is perhaps unnecessarily fine.

[bookmark: _Toc503266036][bookmark: _Toc503339741][bookmark: _Toc503447883][bookmark: _Toc503513639][bookmark: _Toc503513915][bookmark: _Toc503518947][bookmark: _Toc503519589][bookmark: _Toc503519887][bookmark: _Toc503520365][bookmark: _Toc503520686][bookmark: _Toc503536729][bookmark: _Toc503536879][bookmark: _Toc503538126][bookmark: _Toc503540334][bookmark: _Toc503540817]If the number of CBRA preambles per SSB per RACH occasion is configurable only to 4*N, 1 <= N <= 16, then the granularity is in some cases rather coarse. For example, with the number of SSBs per RACH occasion set to 16, i.e. with 64/16 = 4 preambles per SSB, one would have to use 4 CBRA preambles, and hence no CFRA preambles.



[bookmark: _Ref494396348][bookmark: _Ref498432102]RACH configuration table 
RACH configuration table column headings
The agreed table columns are listed in Table 3, with the modification that “RACH occasions” in the last column has been replaced with “time domain RACH occasions” in view of the following definition [2]:

Agreed Definition:
For 4-step RACH procedure, a RACH transmission occasion is defined as the time-frequency resource on which a PRACH message 1 is transmitted using the configured PRACH preamble format with a single particular tx beam


This change should be implemented in the RACH configuration table. The change is important when FDM of PRACH occasions is used.

[bookmark: _Toc503360078][bookmark: _Toc503442612][bookmark: _Toc503447875][bookmark: _Toc503513648][bookmark: _Toc503513924][bookmark: _Toc503518956][bookmark: _Toc503519598][bookmark: _Toc503519896][bookmark: _Toc503520374][bookmark: _Toc503520695][bookmark: _Toc503536738][bookmark: _Toc503536888][bookmark: _Toc503538135][bookmark: _Toc503540343][bookmark: _Toc503540826]The last column heading of the RACH configuration PRACH configuration table should refer to “time domain RACH occasions” rather than “RACH occasions” in order to be consistent with agreed terminology.


[bookmark: _Ref503264086]Table 3. Agreed RACH configuration table headings, with a proposed change in the last column 
	PRACH Config. Index
	Preamble Format
	Config. Period 
	Subframe number
	SFN mod Config. period
	Start symbol Index
	Number of RACH slots within a subframe
	Number of time domain RACH occasions within a RACH slot





RACH configuration table interpretation
The PRACH configuration tables are used in determining time resources to use for PRACH. Two options for deriving time resources from the RACH configuration table are as follows:
1. PRACH configuration table indicates a starting subframe for the set of time domain RACH resources associated with the actually transmitted SSBs corresponding to one SS burst set.
· These RACH resources may span multiple consecutive subframes.
· The preamble associated to first actually transmitted SSB in an SS burst set is associated with the first RACH occasion of in the first subframe of the set of consecutive subframes.
· Here the number of actually used RACH slots depends on number of actually transmitted SSBs.
2. PRACH configuration table indicates RACH slots wherein the PRACH preambles are allocated
· Number of actually used RACH slots is defined in RACH configuration table, independent of number of actually transmitted SSBs 
· Here the placement of the preamble associated to first actually transmitted SSB in an SS burst set depends on allocations in previous time domain RACH occasions as specified in PRACH configuration table
· Additional rule can perhaps be considered which specify that first RACH occasion within a “Config. Period” should be allocated to preamble associated to first actually transmitted SSB

A drawback of option 2 is that if the RACH occasions needed for one SS burst set and the number of RACH occasions in one configuration period are not related by an integer factor, additional rules (third sub-bullet) are needed. Option 2 also has the disadvantage that in the case of many SSBs per SS burst, all SSBs may not fit within one configuration period. It may also be noted that option 1 is similar to LTE, where some long preamble formats may occupy more than one subframe.

[bookmark: _Toc503447884][bookmark: _Toc503513640][bookmark: _Toc503513916][bookmark: _Toc503518948][bookmark: _Toc503519590][bookmark: _Toc503519888][bookmark: _Toc503520366][bookmark: _Toc503520687][bookmark: _Toc503536730][bookmark: _Toc503536880][bookmark: _Toc503538127][bookmark: _Toc503540335][bookmark: _Toc503540818]PRACH configuration table indicating start position for RACH resources (as opposed to exhaustively listing resources) avoids unnecessarily long RACH windows as well as unnecessary complications of association rules between SSBs and RACH occasions.

[bookmark: _Toc503442613][bookmark: _Toc503447876][bookmark: _Toc503266045][bookmark: _Toc503339751][bookmark: _Toc503358329][bookmark: _Toc503360079][bookmark: _Toc503513649][bookmark: _Toc503513925][bookmark: _Toc503518957][bookmark: _Toc503519599][bookmark: _Toc503519897][bookmark: _Toc503520375][bookmark: _Toc503520696][bookmark: _Toc503536739][bookmark: _Toc503536889][bookmark: _Toc503538136][bookmark: _Toc503540344][bookmark: _Toc503540827]The starting subframe for the set of time domain RACH resources associated with the actually transmitted SSBs corresponding to one SS burst set is given by the PRACH configuration table. The set may span multiple consecutive subframes.

Example
Figure 6 shows an example allocation above 6 GHz, using the PRACH configuration 39 of Table 6 (also shown in Table 4 for convenience), and the additional configurations
· number of RACH occasions FDMed in one time instance = 1,
· number of SSBs per RACH occasion = 2,
· number of actually used SSBs in one SS burst set = 24,
· PRACH subcarrier spacing = 120 kHz,
hence resulting in the need for 24/2 = 12 time domain RACH occasions for one SS burst set, which for format A3 corresponds to 12/2 = 6 RACH slots for one SS burst set. It is here assumed that there is no overlap with DL transmissions. For how to handle overlap between RACH resources and downlink transmissions such as SS blocks, see Section 2.4.


[bookmark: _Ref503441410]Table 4. RACH configuration used in Figure 6 
	PRACH Config. Index
	Preamble Format
	Config. period
	Subframe number
	SFN mod Config. period
	Start symbol Index
	Number of RACH slots within 0.25 ms
	Number of time domain RACH occasions within a RACH slot

	89
	A3
	1
	1,6
	0
	0
	1
	2





[image: ]
[bookmark: _Ref503441399]Figure 6. Example RACH resource allocation above 6 GHz (120 kHz subcarriers spacing), with start position of time domain RACH resources as given by the PRACH configuration table.


[bookmark: _Ref503358831][bookmark: _GoBack]Table configuration table contents
It has been agreed to have one table for FDD and one for TDD. However, in the absence of need for major differences between the two tables, it would be beneficial to give them identical contents to reduce storage requirements in the UE and TRP.

[bookmark: _Toc501631690][bookmark: _Toc503266046][bookmark: _Toc503339752][bookmark: _Toc503358330][bookmark: _Toc503360080][bookmark: _Toc503442614][bookmark: _Toc503447877][bookmark: _Toc503513650][bookmark: _Toc503513926][bookmark: _Toc503518958][bookmark: _Toc503519600][bookmark: _Toc503519898][bookmark: _Toc503520376][bookmark: _Toc503520697][bookmark: _Toc503536740][bookmark: _Toc503536890][bookmark: _Toc503538137][bookmark: _Toc503540345][bookmark: _Toc503540828]The RACH configuration tables for FDD and TDD can have identical contents, reducing storage requirements in the UE and TRP.

Based on the preceding discussions in this contribution, the RACH configuration tables Table 5 and Table 6 are proposed. The subframes numbers for short sequences are inspired by SSB positions within frames, see Figure 7 for illustration. Note that Table 5 and Table 6 are directly based on the tables in Section 3 of “Summary of Remaining details on PRACH formats” [6] with the agreed and working assumption tables from Chairman’s notes [7] inserted. Updates compared to the tables in [6] and [7] are highlighted with colors (red for modifications, blue for additions).

[bookmark: _Toc503266047][bookmark: _Toc503339753][bookmark: _Toc503358331][bookmark: _Toc503360081][bookmark: _Toc503442615][bookmark: _Toc503447878][bookmark: _Toc503513651][bookmark: _Toc503513927][bookmark: _Toc503518959][bookmark: _Toc503519601][bookmark: _Toc503519899][bookmark: _Toc503520377][bookmark: _Toc503520698][bookmark: _Toc503536741][bookmark: _Toc503536891][bookmark: _Toc503538138][bookmark: _Toc503540346][bookmark: _Toc503540829]Use Table 5 and Table 6 as RACH configuration tables.
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[bookmark: _Ref498093982]Figure 7. Illustration of RACH configurations for short sequence below 6 GHz. SSB structures for 15 kHz and 30 kHz SCS are also shown for comparison.


[bookmark: _Ref503271468]Valid RACH resources and their SSB associations
The UE should only be allowed to transmit PRACH preambles at time instances which are not indicated in RMSI as used for actually transmitted SS blocks. This is in order to avoid the need for full duplex in the TRP. In other words, the UE should not be allowed to transmit a preamble if any part of it would overlap with any OFDM symbol indicated as used for an actually transmitted SS block.

[bookmark: _Toc503266048][bookmark: _Toc503339754][bookmark: _Toc503358332][bookmark: _Toc503360082][bookmark: _Toc503442616][bookmark: _Toc503447879][bookmark: _Toc503513652][bookmark: _Toc503513928][bookmark: _Toc503518960][bookmark: _Toc503519602][bookmark: _Toc503519900][bookmark: _Toc503520378][bookmark: _Toc503520699][bookmark: _Toc503536742][bookmark: _Toc503536892][bookmark: _Toc503538139][bookmark: _Toc503540347][bookmark: _Toc503540830]The UE should only be allowed to transmit PRACH preambles at time instances (OFDM symbols) not indicated as used for actually transmitted SS blocks.

It is up to the network to ensure that there are no collisions between other transmission and RACH. This minimizes unnecessary signaling in the network. 

[bookmark: _Toc503266049][bookmark: _Toc503339755][bookmark: _Toc503358333][bookmark: _Toc503360083][bookmark: _Toc503442617][bookmark: _Toc503447880][bookmark: _Toc503513653][bookmark: _Toc503513929][bookmark: _Toc503518961][bookmark: _Toc503519603][bookmark: _Toc503519901][bookmark: _Toc503520379][bookmark: _Toc503520700][bookmark: _Toc503536743][bookmark: _Toc503536893][bookmark: _Toc503538140][bookmark: _Toc503540348][bookmark: _Toc503540831]In order to keep RMSI signaling to a minimum, it should be up to the network to avoid collisions between RACH and any other transmissions besides SS blocks.

The associations between SS blocks and RACH occasions should map around invalid RACH occasions, thereby ensuring that every SS block is associated with a valid RACH occasion. 

[bookmark: _Toc503266050][bookmark: _Toc503339756][bookmark: _Toc503358334][bookmark: _Toc503360084][bookmark: _Toc503442618][bookmark: _Toc503447881][bookmark: _Toc503513654][bookmark: _Toc503513930][bookmark: _Toc503518962][bookmark: _Toc503519604][bookmark: _Toc503519902][bookmark: _Toc503520380][bookmark: _Toc503520701][bookmark: _Toc503536744][bookmark: _Toc503536894][bookmark: _Toc503538141][bookmark: _Toc503540349][bookmark: _Toc503540832]The association between SS blocks and RACH occasions should map around invalid RACH occasions.


[bookmark: _Ref492548821]

Conclusion
In Section 2 we made the following observations:
Observation 1	Having a mixed Ax/Bx format, where format B preamble instead of format A preamble is used in the last preamble time domain RACH occasion of a slot, might not yield large enough guard in all scenarios. Furthermore, it can lead to non-uniform detection performance between preambles, which may complicate RAN4 requirements as well as network planning.
Observation 2	If the number of CBRA preambles per SSB per RACH occasion is configurable only to 4*N, 1 <= N <= 16, then the granularity is in some cases rather coarse. For example, with the number of SSBs per RACH occasion set to 16, i.e. with 64/16 = 4 preambles per SSB, one would have to use 4 CBRA preambles, and hence no CFRA preambles.
Observation 3	PRACH configuration table indicating start position for RACH resources (as opposed to exhaustively listing resources) avoids unnecessarily long RACH windows as well as unnecessary complications of association rules between SSBs and RACH occasions.

Based on the discussion in Section 2 we propose the following:
Proposal 1	For RACH formats A1, A2, A3, B1, and C0 support configurations where the last symbol of a slot is not used
Proposal 2	For preamble format C0, 6 time domain RACH occasions per slot should be used if start symbol is 0, and 5 time domain RACH occasions per slot should be used if start symbol is 2.
Proposal 3	Support, at least for format A3, a RACH start symbol value of 1, in addition to already agreed start symbols 0 and 2.
Proposal 4	Support also a RACH start symbol value of 6 also for some short sequences, to allow mitigation of TRP-to-TRP interference in TDD systems.
Proposal 5	The number of RACH occasions FDMed in one time instance should have a value range {1, 2, 4, 8}.
Proposal 6	Below 6 GHz, the number of SSBs per RACH occasion should have a value range {1/4, 1/2, 1, 2, 4, 6, 8, 16}.
Proposal 7	Above 6 GHz, the number of SSBs per RACH occasion should have a value range {1/2, 1, 2, 4, 8, 16, 32, 64}.
Proposal 8	The last column heading of the RACH configuration PRACH configuration table should refer to “time domain RACH occasions” rather than “RACH occasions” in order to be consistent with agreed terminology.
Proposal 9	The starting subframe for the set of time domain RACH resources associated with the actually transmitted SSBs corresponding to one SS burst set is given by the PRACH configuration table. The set may span multiple consecutive subframes.
Proposal 10	The RACH configuration tables for FDD and TDD can have identical contents, reducing storage requirements in the UE and TRP.
Proposal 11	Use Table 5 and Table 6 as RACH configuration tables.
Proposal 12	The UE should only be allowed to transmit PRACH preambles at time instances (OFDM symbols) not indicated as used for actually transmitted SS blocks.
Proposal 13	In order to keep RMSI signaling to a minimum, it should be up to the network to avoid collisions between RACH and any other transmissions besides SS blocks.
Proposal 14	The association between SS blocks and RACH occasions should map around invalid RACH occasions.
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Appendix: RACH configuration tables
[bookmark: _Ref498094091]Below 6 GHz

[bookmark: _Ref498506099]Table 5. Draft PRACH configuration table for use below 6 GHz
	PRACH Config. Index
	Preamble Format
	Config. period
	Subframe number
	SFN mod Config. period
	Start symbol Index
	Number of RACH slots within a subframe
	Number of time domain RACH occasions within a RACH slot

	0
	0
	2
	1
	1
	N/A
	N/A
	N/A

	1
	0
	2
	4
	1
	N/A
	N/A
	N/A

	2
	0
	2
	7
	1
	N/A
	N/A
	N/A

	3
	0
	1
	1
	0
	N/A
	N/A
	N/A

	4
	0
	1
	4
	0
	N/A
	N/A
	N/A

	5
	0
	1
	7
	0
	N/A
	N/A
	N/A

	6
	0
	1
	1,6
	0
	N/A
	N/A
	N/A

	7
	0
	1
	2,7
	0
	N/A
	N/A
	N/A

	8
	0
	1
	3,8
	0
	N/A
	N/A
	N/A

	9
	0
	1
	1,4,7
	0
	N/A
	N/A
	N/A

	10
	0
	1
	2,5,8
	0
	N/A
	N/A
	N/A

	11
	0
	1
	3, 6, 9
	0
	N/A
	N/A
	N/A

	12
	0
	1
	0,2,4,6,8
	0
	N/A
	N/A
	N/A

	13
	0
	1
	1,3,5,7,9
	0
	N/A
	N/A
	N/A

	14
	0
	1
	0,1,2,3,4,
5,6,7,8,9
	0
	N/A
	N/A
	N/A

	15
	0
	2
	9
	1
	N/A
	N/A
	N/A

	16
	1
	2
	1
	1
	N/A
	N/A
	N/A

	17
	1
	2
	4
	1
	N/A
	N/A
	N/A

	18
	1
	2
	7
	1
	N/A
	N/A
	N/A

	19
	1
	1
	1
	0
	N/A
	N/A
	N/A

	20
	1
	1
	4
	0
	N/A
	N/A
	N/A

	21
	1
	1
	7
	0
	N/A
	N/A
	N/A

	22
	1
	1
	1,6
	0
	N/A
	N/A
	N/A

	23
	1
	1
	2,7
	0
	N/A
	N/A
	N/A

	24
	1
	1
	3,8
	0
	N/A
	N/A
	N/A

	25
	1
	1
	1,4,7
	0
	N/A
	N/A
	N/A

	26
	1
	1
	2,5,8
	0
	N/A
	N/A
	N/A

	27
	1
	1
	3,6,9
	0
	N/A
	N/A
	N/A

	28
	1
	2
	9
	1
	N/A
	N/A
	N/A

	29
	2
	4
	1
	0
	0
	N/A
	N/A

	30
	2
	2
	1
	0
	0
	N/A
	N/A

	31
	2
	2
	5
	0
	0
	N/A
	N/A

	32
	2
	1
	1
	0
	0
	N/A
	N/A

	33
	2
	1
	5
	0
	0
	N/A
	N/A

	34
	3
	2
	1
	1
	N/A
	N/A
	N/A

	35
	3
	2
	4
	1
	N/A
	N/A
	N/A

	36
	3
	2
	7
	1
	N/A
	N/A
	N/A

	37
	3
	1
	1
	0
	N/A
	N/A
	N/A

	38
	3
	1
	4
	0
	N/A
	N/A
	N/A

	39
	3
	1
	7
	0
	N/A
	N/A
	N/A

	40
	3
	1
	1,6
	0
	N/A
	N/A
	N/A

	41
	3
	1
	2,7
	0
	N/A
	N/A
	N/A

	42
	3
	1
	3,8
	0
	N/A
	N/A
	N/A

	43
	3
	1
	1,4,7
	0
	N/A
	N/A
	N/A

	44
	3
	1
	2,5,8
	0
	N/A
	N/A
	N/A

	45
	3
	1
	3, 6, 9
	0
	N/A
	N/A
	N/A

	46
	3
	1
	0,2,4,6,8
	0
	N/A
	N/A
	N/A

	47
	3
	1
	1,3,5,7,9
	0
	N/A
	N/A
	N/A

	48
	3
	1
	0,1,2,3,4,
5,6,7,8,9
	0
	N/A
	N/A
	N/A

	49
	3
	2
	9
	1
	N/A
	N/A
	N/A

	50
	A1
	16
	5, 7
	0
	2
	1
	6

	51
	A1
	8
	5
	0
	2
	1
	6

	52
	A1
	4
	5
	0
	2
	1
	6

	53
	A1
	2
	1
	0
	2
	1
	6

	54
	A1
	2
	2
	0
	2
	1
	6

	55
	A1
	2
	4
	0
	2
	1
	6

	56
	A1
	1
	1
	0
	2
	1
	6

	57
	A1
	1
	2
	0
	0
	1
	6

	58
	A1
	1
	4
	0
	2
	1
	6

	59
	A1
	1
	1,6
	0
	0
	1
	6

	60
	A1
	1
	2,7
	0
	2
	1
	6

	61
	A1
	1
	4,9
	0
	0
	1
	6

	62
	A1
	1
	0,1,2,3,4,
5,6,7,8,9
	0
	2
	2
	6

	63
	A2
	16
	5
	0
	0
	1
	43

	64
	A2
	8
	5
	0
	2
	2
	42

	65
	A2
	4
	5
	0
	0
	1
	43

	66
	A2
	2
	1
	0
	2
	2
	42

	67
	A2
	2
	2
	0
	0
	1
	43

	68
	A2
	2
	4
	0
	2
	2
	42

	69
	A2
	1
	1
	0
	0
	1
	43

	70
	A2
	1
	2
	0
	2
	2
	42

	71
	A2
	1
	4
	0
	0
	1
	43

	72
	A2
	1
	1,6
	0
	2
	2
	42

	73
	A2
	1
	2,7
	0
	0
	1
	43

	74
	A2
	1
	4,9
	0
	2
	2
	42

	75
	A2
	1
	0,1,2,3,4,
5,6,7,8,9
	0
	0
	1
	43

	76
	A3
	16
	5
	0
	2
	2
	2

	77
	A3
	8
	5
	0
	0
	1
	2

	78
	A3
	4
	5
	0
	2
	2
	2

	79
	A3
	4
	5
	0
	1
	2
	2

	80
	A3
	4
	5
	0
	6
	2
	1

	81
	A3
	2
	1
	0
	0
	1
	2

	82
	A3
	2
	2
	0
	2
	2
	2

	83
	A3
	2
	4
	0
	0
	1
	2

	84
	A3
	1
	1
	0
	2
	2
	2

	85
	A3
	1
	2
	0
	0
	1
	2

	86
	A3
	1
	4
	0
	2
	2
	2

	87
	A3
	1
	5
	0
	1
	2
	2

	88
	A3
	1
	5
	0
	6
	2
	1

	89
	A3
	1
	1,6
	0
	0
	1
	2

	90
	A3
	1
	2,7
	0
	2
	2
	2

	91
	A3
	1
	4,9
	0
	0
	1
	2

	92
	A3
	1
	0,1,2,3,4,
5,6,7,8,9
	0
	2
	2
	2

	93
	B1
	16
	5
	0
	0
	1
	6

	94
	B1
	8
	5
	0
	0
	2
	6

	95
	B1
	4
	5
	0
	2
	1
	6

	96
	B1
	2
	1
	0
	2
	2
	6

	97
	B1
	2
	2
	0
	2
	1
	6

	98
	B1
	2
	4
	0
	2
	2
	6

	99
	B1
	1
	1
	0
	2
	1
	6

	100
	B1
	1
	2
	0
	2
	2
	6

	101
	B1
	1
	4
	0
	2
	1
	6

	102
	B1
	1
	1,6
	0
	2
	2
	6

	103
	B1
	1
	2,7
	0
	2
	1
	6

	104
	B1
	1
	4,9
	0
	2
	2
	6

	105
	B1
	1
	0,1,2,3,4,
5,6,7,8,9
	0
	2
	1
	6

	106
	B4
	16
	5
	0
	2
	2
	1

	107
	B4
	8
	5
	0
	2
	1
	1

	108
	B4
	8
	5
	0
	2
	2
	1

	109
	B4
	4
	5
	0
	2
	1
	1

	110
	B4
	2
	4
	0
	2
	2
	1

	111
	B4
	1
	1
	0
	2
	1
	1

	112
	B4
	1
	2
	0
	2
	2
	1

	113
	B4
	1
	4
	0
	2
	1
	1

	114
	B4
	1
	2,7
	0
	2
	2
	1

	115
	B4
	1
	1,4,7
	0
	2
	1
	1

	116
	B4
	1
	0,1,2,3,4,
5,6,7,8,9
	0
	2
	2
	1

	117
	C0
	16
	5
	0
	2
	1
	6

	118
	C0
	8
	5
	0
	2
	2
	6

	119
	C0
	4
	5
	0
	2
	1
	6

	120
	C0
	2
	1
	0
	2
	2
	6

	121
	C0
	2
	2
	0
	2
	1
	6

	122
	C0
	2
	4
	0,2
	2
	1
	6

	123
	C0
	1
	1
	0
	2
	1
	6

	124
	C0
	1
	2
	0
	2
	1
	6

	125
	C0
	1
	4
	0
	2
	1
	6

	126
	C0
	1
	1,6
	0
	2
	1
	6

	127
	C0
	1
	2,7
	0
	2
	1
	6

	128
	C0
	1
	4,9
	0
	2
	1
	6

	129
	C0
	1
	0,1,2,3,4,
5,6,7,8,9
	0
	2
	1
	6

	130
	C2
	16
	5
	0
	2
	1
	2

	131
	C2
	8
	5
	0
	2
	2
	2

	132
	C2
	4
	5
	0
	2
	1
	2

	133
	C2
	2
	1
	0
	2
	1
	2

	134
	C2
	2
	2
	0
	2
	1
	2

	135
	C2
	2
	4
	0
	2
	1
	62

	136
	C2
	1
	1
	0
	2
	1
	2

	137
	C2
	1
	2
	0
	2
	2
	2

	138
	C2
	1
	4
	0
	2
	1
	2

	139
	C2
	1
	1,6
	0
	2
	1
	2

	140
	C2
	1
	2,7
	0
	2
	1
	62

	141
	C2
	1
	4,9
	0
	2
	1
	2

	142
	C2
	1
	0,1,2,3,4,
5,6,7,8,9
	0
	2
	2
	2

	143
	A1/B1
	16
	5
	0
	2
	1
	25

	144
	A1/B1
	8
	5
	0
	2
	1
	25

	145
	A1/B1
	4
	5
	0
	2
	1
	65

	146
	A1/B1
	2
	1
	0
	2
	1
	25

	147
	A1/B1
	2
	2
	0
	2
	2
	25

	148
	A1/B1
	2
	4
	0
	2
	1
	25

	149
	A1/B1
	1
	1
	0
	2
	1
	25

	150
	A1/B1
	1
	2
	0
	2
	1
	65

	151
	A1/B1
	1
	4
	0
	2
	1
	25

	152
	A1/B1
	1
	1,6
	0
	2
	2
	25

	153
	A1/B1
	1
	2,7
	0
	2
	1
	25

	154
	A1/B1
	1
	4,9
	0
	2
	1
	25

	155
	A1/B1
	1
	0,1,2,3,4,
5,6,7,8,9
	0
	2
	1
	65

	156
	A2/B2
	16
	5
	0
	2
	1
	23

	157
	A2/B2
	8
	5
	0
	2
	2
	23

	158
	A2/B2
	4
	5
	0
	2
	1
	23

	159
	A2/B2
	2
	1
	0
	2
	1
	23

	160
	A2/B2
	2
	2
	0
	2
	1
	23

	161
	A2/B2
	2
	4
	0
	2
	1
	23

	162
	A2/B2
	1
	1
	0
	2
	2
	23

	163
	A2/B2
	1
	2
	0
	2
	1
	23

	164
	A2/B2
	1
	4
	0
	2
	1
	23

	165
	A2/B2
	1
	1,6
	0
	2
	1
	23

	166
	A2/B2
	1
	2,7
	0
	2
	1
	23

	167
	A2/B2
	1
	4,9
	0
	2
	2
	23

	168
	A2/B2
	1
	0,1,2,3,4,
5,6,7,8,9
	0
	2
	1
	23

	169
	A3/B3
	16
	5
	0
	2
	1
	2

	170
	A3/B3
	8
	5
	0
	2
	1
	62

	171
	A3/B3
	4
	5
	0
	2
	1
	2

	172
	A3/B3
	4
	5
	0
	6
	1
	1

	173
	A3/B3
	2
	1
	0
	2
	2
	2

	174
	A3/B3
	2
	2
	0
	2
	1
	2

	175
	A3/B3
	2
	4
	0
	2
	1
	2

	176
	A3/B3
	1
	1
	0
	2
	1
	62

	177
	A3/B3
	1
	2
	0
	2
	1
	2

	178
	A3/B3
	1
	4
	0
	2
	2
	2

	179
	A3/B3
	1
	5
	0
	6
	2
	1

	180
	A3/B3
	1
	1,6
	0
	2
	1
	2

	181
	A3/B3
	1
	2,7
	0
	2
	1
	2

	182
	A3/B3
	1
	4,9
	0
	2
	1
	62

	183
	A3/B3
	1
	0,1,2,3,4,
5,6,7,8,9
	0
	2
	1
	2

	184
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	…
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	255
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A







[bookmark: _Ref498094093]Above 6 GHz
[bookmark: _Ref498506100]Table 6. Draft PRACH configuration table for use above 6 GHz
	[bookmark: _Hlk503512799]PRACH Config. Index
	Preamble Format
	Config. period
	Subframe number
	SFN mod Config. period
	Start symbol Index
	Number of RACH slots within 0.25 ms
	Number of time domain RACH occasions within a RACH slot

	0
	A1
	16
	5, 7
	0
	2
	1
	6

	1
	A1
	8
	5
	0
	2
	1
	6

	2
	A1
	4
	5
	0
	2
	1
	6

	3
	A1
	2
	1
	0
	2
	1
	6

	4
	A1
	2
	2
	0
	2
	1
	6

	5
	A1
	2
	4
	0
	2
	1
	6

	6
	A1
	1
	1
	0
	2
	1
	6

	7
	A1
	1
	2
	0
	0
	1
	6

	8
	A1
	1
	4
	0
	2
	1
	6

	9
	A1
	1
	1,6
	0
	0
	1
	6

	10
	A1
	1
	2,7
	0
	2
	1
	6

	11
	A1
	1
	4,9
	0
	0
	1
	6

	12
	A1
	1
	0,1,2,3,4,
5,6,7,8,9
	0
	2
	2
	6

	13
	A2
	16
	5
	0
	0
	1
	43

	14
	A2
	8
	5
	0
	2
	2
	42

	15
	A2
	4
	5
	0
	0
	1
	43

	16
	A2
	2
	1
	0
	2
	2
	42

	17
	A2
	2
	2
	0
	0
	1
	43

	18
	A2
	2
	4
	0
	2
	2
	42

	19
	A2
	1
	1
	0
	0
	1
	43

	20
	A2
	1
	2
	0
	2
	2
	42

	21
	A2
	1
	4
	0
	0
	1
	43

	22
	A2
	1
	1,6
	0
	2
	2
	42

	23
	A2
	1
	2,7
	0
	0
	1
	43

	24
	A2
	1
	4,9
	0
	2
	2
	42

	25
	A2
	1
	0,1,2,3,4,
5,6,7,8,9
	0
	0
	1
	43

	26
	A3
	16
	5
	0
	2
	2
	2

	27
	A3
	8
	5
	0
	0
	1
	2

	28
	A3
	4
	5
	0
	2
	2
	2

	29
	A3
	4
	5
	0
	1
	2
	2

	30
	A3
	4
	5
	0
	6
	2
	1

	31
	A3
	2
	1
	0
	0
	1
	2

	32
	A3
	2
	2
	0
	2
	2
	2

	33
	A3
	2
	4
	0
	0
	1
	2

	34
	A3
	1
	1
	0
	2
	2
	2

	35
	A3
	1
	2
	0
	0
	1
	2

	36
	A3
	1
	4
	0
	2
	2
	2

	37
	A3
	1
	5
	0
	1
	2
	2

	38
	A3
	1
	5
	0
	6
	2
	1

	39
	A3
	1
	1,6
	0
	0
	1
	2

	40
	A3
	1
	2,7
	0
	2
	2
	2

	41
	A3
	1
	4,9
	0
	0
	1
	2

	42
	A3
	1
	0,1,2,3,4,
5,6,7,8,9
	0
	2
	2
	2

	43
	B1
	16
	5
	0
	0
	1
	6

	44
	B1
	8
	5
	0
	0
	2
	6

	45
	B1
	4
	5
	0
	2
	1
	6

	46
	B1
	2
	1
	0
	2
	2
	6

	47
	B1
	2
	2
	0
	2
	1
	6

	48
	B1
	2
	4
	0
	2
	2
	6

	49
	B1
	1
	1
	0
	2
	1
	6

	50
	B1
	1
	2
	0
	2
	2
	6

	51
	B1
	1
	4
	0
	2
	1
	6

	52
	B1
	1
	1,6
	0
	2
	2
	6

	53
	B1
	1
	2,7
	0
	2
	1
	6

	54
	B1
	1
	4,9
	0
	2
	2
	6

	55
	B1
	1
	0,1,2,3,4,
5,6,7,8,9
	0
	2
	1
	6

	56
	B4
	16
	5
	0
	2
	2
	1

	57
	B4
	8
	5
	0
	2
	1
	1

	58
	B4
	8
	5
	0
	2
	2
	1

	59
	B4
	4
	5
	0
	2
	1
	1

	60
	B4
	2
	4
	0
	2
	2
	1

	61
	B4
	1
	1
	0
	2
	1
	1

	62
	B4
	1
	2
	0
	2
	2
	1

	63
	B4
	1
	4
	0
	2
	1
	1

	64
	B4
	1
	2,7
	0
	2
	2
	1

	65
	B4
	1
	1,4,7
	0
	2
	1
	1

	66
	B4
	1
	0,1,2,3,4,
5,6,7,8,9
	0
	2
	2
	1

	67
	C0
	16
	5
	0
	2
	1
	6

	68
	C0
	8
	5
	0
	2
	2
	6

	69
	C0
	4
	5
	0
	2
	1
	6

	70
	C0
	2
	1
	0
	2
	2
	6

	71
	C0
	2
	2
	0
	2
	1
	6

	72
	C0
	2
	4
	0,2
	2
	1
	6

	73
	C0
	1
	1
	0
	2
	1
	6

	74
	C0
	1
	2
	0
	2
	1
	6

	75
	C0
	1
	4
	0
	2
	1
	6

	76
	C0
	1
	1,6
	0
	2
	1
	6

	77
	C0
	1
	2,7
	0
	2
	1
	6

	78
	C0
	1
	4,9
	0
	2
	1
	6

	79
	C0
	1
	0,1,2,3,4,
5,6,7,8,9
	0
	2
	1
	6

	80
	C2
	16
	5
	0
	2
	1
	2

	81
	C2
	8
	5
	0
	2
	2
	2

	82
	C2
	4
	5
	0
	2
	1
	2

	83
	C2
	2
	1
	0
	2
	1
	2

	84
	C2
	2
	2
	0
	2
	1
	2

	85
	C2
	2
	4
	0
	2
	1
	62

	86
	C2
	1
	1
	0
	2
	1
	2

	87
	C2
	1
	2
	0
	2
	2
	2

	88
	C2
	1
	4
	0
	2
	1
	2

	89
	C2
	1
	1,6
	0
	2
	1
	2

	90
	C2
	1
	2,7
	0
	2
	1
	62

	91
	C2
	1
	4,9
	0
	2
	1
	2

	92
	C2
	1
	0,1,2,3,4,
5,6,7,8,9
	0
	2
	2
	2

	93
	A1/B1
	16
	5
	0
	2
	1
	26

	94
	A1/B1
	8
	5
	0
	2
	1
	26

	95
	A1/B1
	4
	5
	0
	2
	1
	6

	96
	A1/B1
	2
	1
	0
	2
	1
	26

	97
	A1/B1
	2
	2
	0
	2
	2
	26

	98
	A1/B1
	2
	4
	0
	2
	1
	26

	99
	A1/B1
	1
	1
	0
	2
	1
	26

	100
	A1/B1
	1
	2
	0
	2
	1
	6

	101
	A1/B1
	1
	4
	0
	2
	1
	26

	102
	A1/B1
	1
	1,6
	0
	2
	2
	26

	103
	A1/B1
	1
	2,7
	0
	2
	1
	26

	104
	A1/B1
	1
	4,9
	0
	2
	1
	26

	105
	A1/B1
	1
	0,1,2,3,4,
5,6,7,8,9
	0
	2
	1
	6

	106
	A2/B2
	16
	5
	0
	2
	1
	2

	107
	A2/B2
	8
	5
	0
	2
	2
	2

	108
	A2/B2
	4
	5
	0
	2
	1
	2

	109
	A2/B2
	2
	1
	0
	2
	1
	2

	110
	A2/B2
	2
	2
	0
	2
	1
	6

	111
	A2/B2
	2
	4
	0
	2
	1
	2

	112
	A2/B2
	1
	1
	0
	2
	2
	2

	113
	A2/B2
	1
	2
	0
	2
	1
	2

	114
	A2/B2
	1
	4
	0
	2
	1
	2

	115
	A2/B2
	1
	1,6
	0
	2
	1
	6

	116
	A2/B2
	1
	2,7
	0
	2
	1
	2

	117
	A2/B2
	1
	4,9
	0
	2
	2
	2

	118
	A2/B2
	1
	0,1,2,3,4,
5,6,7,8,9
	0
	2
	1
	2

	119
	A3/B3
	16
	5
	0
	2
	1
	2

	120
	A3/B3
	8
	5
	0
	2
	1
	6

	121
	A3/B3
	4
	5
	0
	2
	1
	2

	122
	A3/B3
	2
	1
	0
	2
	2
	2

	123
	A3/B3
	2
	2
	0
	2
	1
	2

	124
	A3/B3
	2
	4
	0
	2
	1
	2

	125
	A3/B3
	1
	1
	0
	2
	1
	6

	126
	A3/B3
	1
	2
	0
	2
	1
	2

	127
	A3/B3
	1
	4
	0
	2
	2
	2

	128
	A3/B3
	1
	1,6
	0
	2
	1
	2

	129
	A3/B3
	1
	2,7
	0
	2
	1
	2

	130
	A3/B3
	1
	4,9
	0
	2
	1
	6

	131
	A3/B3
	1
	0,1,2,3,4,
5,6,7,8,9
	0
	2
	1
	2

	132
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	…
	
	
	
	
	
	
	

	255
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
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