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[bookmark: _Ref471367327]Introduction
PRACH agreements in RAN1 #90 include the following:

Agreements:
· RACH preamble formats with L = 839 is not supported in over-6 GHz band, and is supported in below-6 GHz
· For short sequence (L = 127/139) based preamble formats, RACH transmission at over-6 GHz band
· supports 60 and 120 kHz subcarrier spacing, and 
· does not support 15 and 30 kHz subcarrier spacing
· For short sequence (L = 127/139) based preamble formats, RACH transmission at below-6 GHz band
· supports 15 and 30 kHz subcarrier spacing, and 
· does not support 60 and 120 kHz subcarrier spacing

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

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

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:
· 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.)

[bookmark: _Hlk498512992]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:
· 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

In this contribution, we focus on PRACH formats and configurations, including associations between SSB and RACH preambles.  This contribution is a major revision of [6]. RACH capacity enhancements are discussed in [5].

[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 (starting symbol value of 0) and Figure 2 (starting symbol value of 2, to yield a gap for PDCCH). However, a few concerns have been raised with the shown arrangement.
[bookmark: _Ref498691959]Interference from PRACH into next slot
Concerns have been raised [11][12] 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 proposed (see agreement above) to partially mitigate this by replacing the last preamble of the A formats with a format B preamble (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: _Toc498694597]Replacing the last preamble of a slot for format A with a format B preamble 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 preamble in a slot with an even larger guard
3. Have all preambles being the same, but not transmit preambles until the end, i.e. 
· A1: 6 preambles without PDCCH, 5 preambles with PDCCH
· A2: 3 preambles without PDCCH, 2 preambles with PDCCH
· A3: 2 preambles without PDCCH, 1 preamble with PDCCH
(Note: Since format A0 targets small cells, it has less need for extra guard)
· B1: 6 preambles without PDCCH, 5 preambles with PDCCH
· B2: 3 preambles without PDCCH, 2 preambles with PDCCH
· B3: 2 preambles without PDCCH, 1 preamble with PDCCH
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.

[bookmark: _Toc498694599][bookmark: _Toc498700165][bookmark: _Toc498700226][bookmark: _Toc498702077][bookmark: _Hlk498695320]For RACH formats A1, A2, A3, B1, B2, and B3, any preamble occupying the last symbol of a slot should not be used, in order to ensure enough guard in all situations. Mixes A/B of A and B formats are then not needed.

Some resulting configurations are illustrated in Figure 3. It may, however, be noted that for the case of a starting symbol value of 2 and format A3 or B3, this proposal can lead to 50% of the preamble time instances being unused, see Figure 4. It is therefore desirable to support also a starting symbol value of 1, which leaves a gap for a short PDCCH without discarding any preamble.

[bookmark: _Toc498694600][bookmark: _Toc498700166][bookmark: _Toc498700227][bookmark: _Toc498702078]Support also a RACH starting symbol value of 1.

Some resulting configurations are illustrated in Figure 5.
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. The concern can be accounted for by supporting a RACH starting symbol value up to 5.

[bookmark: _Toc498694601][bookmark: _Toc498700167][bookmark: _Toc498700228][bookmark: _Toc498702079]Support also a RACH starting symbol value of 5, to allow mitigation of TRP-to-TRP interference in TDD systems.

One might additionally want to support some intermediate value, e.g. 3 and/or 4.





[bookmark: _Ref498682282]Table 1. PRACH 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 (3.5 ms) 
	1.25
	1.08
	4
	1
	4*24576
	4688
	4528
	Coverage enhancement

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





[bookmark: _Ref498682285]Table 2. PRACH formats for short sequence (L = 139) 
	Preamble
format
	# of 
seq.
	TCP
	TSEQ
	TGP
	Path profile 
(Ts)
	Path profile 
(s)
	Maximum 
cell radius
(m)
	Use case

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

	
	1
	2
	288
	4096
	0
	96 
	3.13 
	938
	Small cell

	
	2
	4
	576
	8192
	0
	144 
	4.69 
	2,109
	Normal cell

	
	3
	6
	864
	12288
	0
	144 
	4.69 
	3,516
	Normal cell

	B
	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


* 660 in case of 120 kHz SCS
** 1160 in case of 120 kHz SCS

[image: ]
[bookmark: _Ref480533473]Figure 1. PRACH preamble formats for short sequence, with SCS of 15 kHz (previously shown allocations)

[image: ]
[bookmark: _Ref492548710]Figure 2. PRACH preamble formats for short sequence, with gap of 2 symbols for PDCCH, with SCS of 15 kHz (previously shown allocations).
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[bookmark: _Ref498697180][bookmark: _Ref498697174]Figure 3. PRACH preamble formats for short sequence, with SCS of 15 kHz (proposed possible allocation)

[image: ]
[bookmark: _Ref498694323]Figure 4. PRACH preamble formats for short sequence, with gap of 2 symbols for PDCCH, with SCS of 15 kHz (proposed possible allocation).
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[bookmark: _Ref498694327]Figure 5. PRACH preamble formats for short sequence, with gap of 1 symbol for PDCCH, with SCS of 15 kHz (proposed possible allocations).


[bookmark: _Toc468450825][bookmark: _Ref492548814][bookmark: _Ref485385801]Configuration of PRACH preamble
If the gNB can identify which SS-block beamforming is best for the UE, then the same beamforming can be used for transmitting RAR and subsequent DL transmissions. This is especially useful when the RAR beamforming cannot be based on reciprocity from PRACH preamble reception. Systems based on FDD and scenarios with high interference levels are two examples in which a notification of best SS-block to gNB can be useful. With beamformed SS-block and an association between best received SS-block and PRACH preamble, the gNB receiving the PRACH preamble is informed about best received SS-block at the UE.
RRC parameters
The UE selects randomly a preamble out of a set of configured PRACH preambles. This set of PRACH preamble sequences can be configured by parameters in Table 3. The gray text represents text directly copied from the proposals in [9]. Black text represents our input.

[bookmark: _Toc498499375][bookmark: _Toc498511842][bookmark: _Toc498511862][bookmark: _Toc498511900][bookmark: _Toc498512375][bookmark: _Toc498513203][bookmark: _Toc498513346][bookmark: _Toc498513491][bookmark: _Toc498515328][bookmark: _Toc498515524][bookmark: _Toc498594860][bookmark: _Toc498608582][bookmark: _Toc498609188][bookmark: _Toc498694602][bookmark: _Toc498700168][bookmark: _Toc498700229][bookmark: _Toc498702080]Define RRC parameters and ranges of values according to Table 3.
	
The parameters are discussed in more detail in the remaining sections of this contribution.

[bookmark: _Ref473206054]Table 3. RRC parameters related to PRACH configuration 1)
	Parameter
	Range of values
	Comments

	High speed flag
	{0, 1, 2}
	

	Prach-ConfigIndex
	{0, 1,.., 255} below 6 GHz
{0, 1,.., 127} above 6 GHz
	See Section 2.2.4 for details. In particular, note that above 6 GHz, only {0, 1, … , 127} may be needed since only the short sequence formats are available then.

	RootSequenceIndex
	For long sequence: 
{0, 1,…, 837}
For short sequence: 
{0, 1, …, 137} 
	

	RSRP-ThresholdSSBlock
	FFS
	Consult with RAN4?

	RSRP-ThresholdSUL
	FFS
	Consult with RAN4?

	ZeroCorrelationZoneConfig
	{0, 1,.., 15}
	

	Msg3Waveform
	{0, 1}
	Index 0 and 1 refer to CP-OFDM and DFT-s-OFDM respectively

	PreambleInitialReceivedTargetPower
	FFS
	Consult with RAN4?

	Number of PRACH preambles for CBRA and CFRA per SSB
	{4,8,16,32,64,128,256}
	See also discussion in Section 2.2.3.

	Number of PRACH preambles for CBRA per SSB
	{1, 2, 3, 4} if #PRACH_SSB = 4
{2, 4, 6, 8} if #PRACH_SSB = 8
{4, 8, 12, 16 } if #PRACH_SSB = 16
{4, 8, 12, 16, 20, 24, 28, 32} if #PRACH_SSB = 32
{4, 8, 12, 16, 24, 32, 48, 64} if #PRACH_SSB >= 64
	“#PRACH_SSB” refers to Number of PRACH preambles for CBRA and CFRA per SSB.

See also discussion in Section 2.2.3.

	Number of PRACH preambles for CBRA and CFRA per RACH occasion
	{4,8,16,32,64,128,256}
	See also discussion in Section 2.2.3.

	Parameters related to the mapping between CSI-RS and PRACH transmission occasions and preambles
	
	

	prach-Msg1SequenceLength
	{139, 839}
	

	prach-Msg1SubcarrierSpacing
	Below 6 GHz: {15, 30} kHz
Above 6 GHz: {60, 120} kHz
	SCS is only needed for the short sequence. The long sequence SCS is determined by the preamble format.

	prach-StartingSymbolIndex
	{0, 1, 2, 5}
	1 and 5 added to better support longer guard periods, see Section 2.1. Intermediate values 4 and/or 3 could also be considered.

	prach-EndSymbolIndex
	{11, 12, 13}
	

	prach-PreambleFormat
	 
	Parameter not needed since deducible from Prach-ConfigIndex, see Section 2.2.4 for more information.

	prach-FreqOffset
	{0, 1, … , 273}
	

	ra-PreambleIndexConfig
	
	

	[bookmark: _Hlk498514055]Masks for RACH resources and/or SSBs
	
	

	Number of PRACH transmission occasions FDMed in one time instance
	{1, 2, 4, 8}
	

	Msg3 tone spacing
	Below 6 GHz: {15, 30} kHz
Above 6 GHz: {60, 120} kHz
	

	zeroCorrelationZoneConfigDedicated
	
	

	rootSequenceIndexDedicated
	
	

	ra-ResponseWindowSize
	{0.5,1,2,4,8,16,32} slots
	See [7] for more information, e.g. about an upper limit of 10 ms.

	RACH CORESET configuration
	
	

	prach-ConfigIndexDedicated
	
	


1)  The gray text represents text directly copied from the proposals in [9]. Black text represents our input. 


Available preambles
From [3] we adopt the following definition (with “PRACH” replaced by “PRACH preamble” for consistency with the rest of the present contribution):
	Definition
1. An PRACH preamble time instance is the time instance of an PRACH preamble transmission occasion. In other words, there may be multiple frequency multiplexed PRACH preamble transmission occasions on the same PRACH preamble time instance. 



We will for brevity sometimes write just time instance when there is no ambiguity. Note that in [4], PRACH transmission occasion was defined as the time-frequency resource on which a PRACH preamble is transmitted.
Allocating PRACH preambles can be done in a similar way as done in LTE where the PRACH preambles are allocated first in order of cyclic shift and then in order of logical root index:
“There are 64 preambles available in each cell. The set of 64 preamble sequences in a cell is found by including first, in the order of increasing cyclic shift, all the available cyclic shifts of a root Zadoff-Chu sequence with the logical index RACH_ROOT_SEQUENCE, where RACH_ROOT_SEQUENCE is broadcasted as part of the System Information. Additional preamble sequences, in case 64 preambles cannot be generated from a single root Zadoff-Chu sequence, are obtained from the root sequences with the consecutive logical indexes until all the 64 sequences are found.”
In NR, several PRACH preambles can be time multiplexed in a slot for PRACH preamble formats A0, A1, A2, A3, B1, B2, B3, C0 and C2, see Figure 1 and Figure 2. Then the PRACH preambles can be found from including not only cyclic shifts and root sequences, but also PRACH preamble time instances within a slot. Time instances inside a slot provides better isolation between PRACH preambles than different root indices. 
Furthermore, NR should support multiplexing of multiple PRACH occasions in frequency domain. 

[bookmark: _Toc498350149][bookmark: _Toc498350839][bookmark: _Toc498421612][bookmark: _Toc498429262][bookmark: _Toc498499376][bookmark: _Toc498511843][bookmark: _Toc498511863][bookmark: _Toc498511901][bookmark: _Toc498512376][bookmark: _Toc498513204][bookmark: _Toc498513347][bookmark: _Toc498513492][bookmark: _Toc498515329][bookmark: _Toc498515525][bookmark: _Toc498594861][bookmark: _Toc498608583][bookmark: _Toc498609189][bookmark: _Toc498694603][bookmark: _Toc498700169][bookmark: _Toc498700230][bookmark: _Toc498702081]Number of PRACH transmission occasions FDMed in one time instance should have the range of values {1,2,4,8}.


[bookmark: _Ref498505787]Relation between SS-blocks and random access configurations
A somewhat straightforward approach of associating PRACH preambles to SS-blocks is to consecutively map  PRACH preambles (for CBRA as well as CFRA) to each SS-block, such that the first SS-block is associated with PRACH preambles  with the set of  PRACH preambles associated with one SS burst set, the second SS-block with , and so on. 

[bookmark: _Toc480531398][bookmark: _Toc480534914][bookmark: _Toc480817542][bookmark: _Toc480871278][bookmark: _Toc480871532][bookmark: _Toc480876618][bookmark: _Toc481666452][bookmark: _Toc481739419][bookmark: _Toc484599318][bookmark: _Toc484697472][bookmark: _Toc484936351][bookmark: _Ref485045269][bookmark: _Toc485102798][bookmark: _Toc485105486][bookmark: _Toc485105542][bookmark: _Toc485105875][bookmark: _Toc485189399][bookmark: _Toc485189455][bookmark: _Toc485189515][bookmark: _Toc485189589][bookmark: _Toc485385954][bookmark: _Toc485386227][bookmark: _Toc485386284][bookmark: _Toc485413167][bookmark: _Toc485413538][bookmark: _Toc485413640][bookmark: _Toc485413857][bookmark: _Toc489611416][bookmark: _Toc489617416][bookmark: _Toc489943348][bookmark: _Toc490048928][bookmark: _Toc490048958][bookmark: _Toc490124670][bookmark: _Toc490124693][bookmark: _Toc490124731][bookmark: _Toc490124912][bookmark: _Toc490125191][bookmark: _Toc490125240][bookmark: _Toc490125308][bookmark: _Toc490128841][bookmark: _Toc490128864][bookmark: _Toc490209318][bookmark: _Toc490209625][bookmark: _Toc490209739][bookmark: _Toc490209840][bookmark: _Toc492365564][bookmark: _Toc492365777][bookmark: _Ref492566077][bookmark: _Toc492619653][bookmark: _Toc492620003][bookmark: _Toc492622370][bookmark: _Toc492633722][bookmark: _Toc492634888][bookmark: _Toc492635871][bookmark: _Toc492636619][bookmark: _Toc492902306][bookmark: _Toc492902360][bookmark: _Toc494284350][bookmark: _Toc494399270][bookmark: _Toc494434890][bookmark: _Toc494739035][bookmark: _Toc494739085][bookmark: _Toc494739116][bookmark: _Toc494739154][bookmark: _Toc494739227][bookmark: _Toc497825981][bookmark: _Toc498090840][bookmark: _Toc498094396][bookmark: _Toc498094821][bookmark: _Toc498350151][bookmark: _Toc498350841][bookmark: _Toc498421614][bookmark: _Toc498429263][bookmark: _Toc498499377][bookmark: _Toc498511844][bookmark: _Toc498511864][bookmark: _Toc498511902][bookmark: _Toc498512377][bookmark: _Toc498513205][bookmark: _Toc498513348][bookmark: _Toc498513493][bookmark: _Toc498515330][bookmark: _Toc498515526][bookmark: _Toc498594862][bookmark: _Toc498608584][bookmark: _Toc498609190][bookmark: _Toc498694604][bookmark: _Toc498700170][bookmark: _Toc498700231][bookmark: _Toc498702082]The association from the  PRACH preambles associated with one SS burst set with L’ SS-blocks is done by consecutively mapping  PRACH preambles to each SS-block

The following parameters are proposed to configure the mapping:
a) Number of PRACH preambles for CBRA and CFRA per SSB
b) Number of PRACH preambles for CBRA per SSB
c) Number of PRACH preambles for CBRA and CFRA per RACH occasion
An advantage of having the parameter (a) instead of “number of PRACH preambles for CFRA” is that the granularity of the parameter (b) can be dependent on (a) and hence allow for adequate granularity irrespective of the total number of preambles without additional signaling overhead. For example, if one would constrain the number of PRACH preambles for CBRA per SSB to always be  (with ) as proposed in [8], and configure the number of PRACH preambles for CBRA and CFRA per SSB to 4, as also proposed in [8], then no preambles at all would be available for CFRA. 

[bookmark: _Ref498425829][bookmark: _Toc498429264][bookmark: _Toc498499378][bookmark: _Toc498511845][bookmark: _Toc498511865][bookmark: _Toc498511903][bookmark: _Toc498512378][bookmark: _Toc498513206][bookmark: _Toc498513349][bookmark: _Toc498513494][bookmark: _Toc498515331][bookmark: _Toc498515527][bookmark: _Toc498594863][bookmark: _Toc498608585][bookmark: _Toc498609191][bookmark: _Toc498694605][bookmark: _Toc498700171][bookmark: _Toc498700232][bookmark: _Toc498702083]The associations from SSB to PRACH preambles are configured using the following parameters:
1. Number of PRACH preambles for CBRA and CFRA per SSB 
2. Number of PRACH preambles for CBRA per SSB 
3. Number of PRACH preambles for CBRA and CFRA per RACH occasion
  
Another advantage of using the above set of parameters is that it straightforwardly allows configuring the number of PRACH preambles for CBRA and CFRA per SSB to be larger than the number of PRACH preambles for CBRA and CFRA per RACH occasion. This then implies that one SSB is associated with multiple PRACH occasions, i.e. it allows for increasing RACH capacity, irrespective of the number of PRACH preambles that can be generated with the given sequence length and the useful number of cyclic shifts given the propagation delay in the environment.

[bookmark: _Toc492365556][bookmark: _Toc492365769][bookmark: _Toc492619649][bookmark: _Toc492619999][bookmark: _Toc492622366][bookmark: _Toc492633718][bookmark: _Toc492635867][bookmark: _Toc492636615][bookmark: _Toc492902302][bookmark: _Toc492902356][bookmark: _Toc494739313][bookmark: _Toc494739693][bookmark: _Toc494739728][bookmark: _Toc494739746][bookmark: _Toc494739761][bookmark: _Toc494739775][bookmark: _Toc494739803][bookmark: _Toc494739848][bookmark: _Toc498513160][bookmark: _Toc498513489][bookmark: _Ref498607729][bookmark: _Toc498608580][bookmark: _Toc498609186][bookmark: _Toc498694598][bookmark: _Toc498700164][bookmark: _Toc498700225][bookmark: _Toc498702076]Using the parameters in Proposal 5 for configuration allows setting PRACH preambles for CBRA and CFRA per SSB to be larger than the number of PRACH preambles for CBRA and CFRA per RACH occasion, i.e. it in a straightforward way allows associating an SSB with multiple RACH occasions, thus in a straightforward way increasing RACH capacity.

[bookmark: _Toc498513340][bookmark: _Toc498513341][bookmark: _Toc498513342][bookmark: _Toc498513343]Proposed value ranges for parameters (a), (b), and (c) were given in Table 3, i.e. 

[bookmark: _Toc498350153][bookmark: _Toc498350843][bookmark: _Toc498421616][bookmark: _Toc498429265][bookmark: _Toc498499379][bookmark: _Toc498511846][bookmark: _Toc498511866][bookmark: _Toc498511904][bookmark: _Toc498512379][bookmark: _Toc498513207][bookmark: _Toc498513350][bookmark: _Toc498513495][bookmark: _Toc498515332][bookmark: _Toc498515528][bookmark: _Toc498594864][bookmark: _Toc498608586][bookmark: _Toc498609192][bookmark: _Toc498694606][bookmark: _Toc498700172][bookmark: _Toc498700233][bookmark: _Toc498702084]The number of PRACH preambles for CBRA and CFRA per SSB (#PRACH_SSB) can be {4,8,16,32,64,128,256}.
[bookmark: _Ref498349682][bookmark: _Toc498350154][bookmark: _Toc498350844][bookmark: _Toc498421617][bookmark: _Toc498429266][bookmark: _Toc498499380][bookmark: _Toc498511847][bookmark: _Toc498511867][bookmark: _Toc498511905][bookmark: _Toc498512380][bookmark: _Toc498513208][bookmark: _Toc498513351][bookmark: _Toc498513496][bookmark: _Toc498515333][bookmark: _Toc498515529][bookmark: _Toc498594865][bookmark: _Toc498608587][bookmark: _Toc498609193][bookmark: _Toc498694607][bookmark: _Toc498700173][bookmark: _Toc498700234][bookmark: _Toc498702085]The number of PRACH preambles for CBRA per SSB can be
{1, 2, 3, 4} if #PRACH_SSB = 4,
{2, 4, 6, 8} if #PRACH_SSB = 8,
{4, 8, 12, 16 } if #PRACH_SSB = 16,
{4, 8, 12, 16, 20, 24, 28, 32} if #PRACH_SSB = 32,
{4, 8, 12, 16, 24, 32, 48, 64} if #PRACH_SSB >= 64.
[bookmark: _Toc498350155][bookmark: _Toc498350845][bookmark: _Toc498421618][bookmark: _Toc498429267][bookmark: _Toc498499381][bookmark: _Toc498511848][bookmark: _Toc498511868][bookmark: _Toc498511906][bookmark: _Toc498512381][bookmark: _Toc498513209][bookmark: _Toc498513352][bookmark: _Toc498513497][bookmark: _Toc498515334][bookmark: _Toc498515530][bookmark: _Toc498594866][bookmark: _Toc498608588][bookmark: _Toc498609194][bookmark: _Toc498694608][bookmark: _Toc498700174][bookmark: _Toc498700235][bookmark: _Toc498702086]The number of PRACH preambles for CBRA and CFRA per RACH occasion can be
{4,8,16,32,64,128,256}.

Map CBRA and CFRA consecutively or not consecutively
For the ordering of preambles for CBRA and CFRA the following options were discussed in [9]:
Possible conclusion from the email discussion:
· NR down-selects from following alternatives, which were already agreed in the previous meeting, in the next meeting or through another email discussion:
· Alt 1: Preamble indices for CBRA and CFRA for one SSB are mapped consecutively in one RACH transmission occasion.
· Alt 2: Preamble indices for CBRA and CFRA for one SSB are not mapped consecutively in one RACH transmission occasion

Alt. 1 seems more straightforward and, and there is little to gain from Alt. 2. Hence:

[bookmark: _Toc498499383][bookmark: _Toc498511849][bookmark: _Toc498511869][bookmark: _Toc498511907][bookmark: _Toc498512382][bookmark: _Toc498513210][bookmark: _Toc498513353][bookmark: _Toc498513498][bookmark: _Toc498515335][bookmark: _Toc498515531][bookmark: _Toc498594867][bookmark: _Toc498608589][bookmark: _Toc498609195][bookmark: _Toc498694609][bookmark: _Toc498700175][bookmark: _Toc498700236][bookmark: _Toc498702087]Preamble indices for CBRA and CFRA for one SSB are mapped consecutively in one RACH transmission occasion.
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[bookmark: _Ref494394591]Association order for PRACH preambles
The following allocation order is proposed:

[bookmark: _Toc485413859][bookmark: _Toc489611418][bookmark: _Toc489617418][bookmark: _Toc489943350][bookmark: _Ref489943387][bookmark: _Ref489943404][bookmark: _Toc490048931][bookmark: _Toc490048961][bookmark: _Toc490124673][bookmark: _Toc490124696][bookmark: _Toc490124734][bookmark: _Toc490124915][bookmark: _Toc490125194][bookmark: _Toc490125243][bookmark: _Toc490125311][bookmark: _Toc490128844][bookmark: _Toc490128867][bookmark: _Toc490209321][bookmark: _Toc490209628][bookmark: _Toc490209742][bookmark: _Toc490209843][bookmark: _Toc492365567][bookmark: _Toc492365780][bookmark: _Ref492565032][bookmark: _Toc492619655][bookmark: _Toc492620005][bookmark: _Toc492622372][bookmark: _Toc492633724][bookmark: _Toc492634890][bookmark: _Toc492635873][bookmark: _Toc492636621][bookmark: _Toc492902308][bookmark: _Toc492902362][bookmark: _Toc494284352][bookmark: _Toc494399272][bookmark: _Toc494434892][bookmark: _Toc494739037][bookmark: _Toc494739087][bookmark: _Toc494739118][bookmark: _Toc494739156][bookmark: _Toc494739229][bookmark: _Toc497825983][bookmark: _Toc498090841][bookmark: _Toc498094397][bookmark: _Toc498094822][bookmark: _Toc498350157][bookmark: _Toc498350847][bookmark: _Toc498421620][bookmark: _Toc498429269][bookmark: _Toc498499384][bookmark: _Toc498511850][bookmark: _Toc498511870][bookmark: _Toc498511908][bookmark: _Toc498512383][bookmark: _Toc498513211][bookmark: _Toc498513354][bookmark: _Toc498513499][bookmark: _Toc498515336][bookmark: _Toc498515532][bookmark: _Toc498594868][bookmark: _Toc498608590][bookmark: _Toc498609196][bookmark: _Toc498694610][bookmark: _Toc498700176][bookmark: _Toc498700237][bookmark: _Toc498702088]The set of PRACH preamble sequences associated with one SS burst set is determined in the order of
	1.	the available cyclic shifts of a root Zadoff-Chu sequence
	2.	increasing root index 
	3.	increasing frequency allocation 
4.	increasing PRACH preamble time instances within a slot
5.	increasing slot index

Here, the number of cyclic shifts to include is configured in a similar way as in LTE where a “zeroCorrelationZoneConfig” is used, see Table 3 (and cf. also table 5.7.2-2 in [2]). The time instance in a slot depends on PRACH preamble format where different number of time shifted PRACH preambles fit into one slot depending on length of each PRACH preamble, see Figure 1. For Zadoff-Chu sequences of length , the number of sequnces equals , such that sequences of a length of 139 results in 138 root sequences. 
Note that the iteration over cyclic shifts (step 1) and increasing root indices (step 2) only continues until the number of preambles for CBRA and CFRA per RACH occasion has been reached, after which the frequency allocation (step 3) is increased. Once the frequency allocation has reached the number of PRACH transmission occasions FDMed in one time instance, the time instance within a slot is increased (step 4). 
Having the iteration over frequency (step 3) before iteration over time (steps 4 and 5) means that the total number of time resources does not have to be explicitly signaled, only the starting point according to the PRACH configuration table (Section 2.2.4). If only analog receiver beamforming is available in the gNB, one can configure the number of PRACH transmission occasions FDMed in one time instance to 1. 
Several examples of allocations are provided in the contribution discussing PRACH capacity [5].
[bookmark: _Ref494394680]Overlapping subsets
The descriptions above are focused on the case where only a single SS-block is associated with a given PRACH preamble, i.e. preamble subsets for different SS blocks do not overlap. As pointed out in [3], it may be useful to support overlapping subsets (referred to as many-to-one association in [3]), i.e. an association of multiple SS-blocks with the same PRACH preamble. An example use case is a TRP with digital beamforming and beam correspondence.
Overlapping subsets may, however, raise some issues in practice. If downlink or uplink channel conditions (including beamforming aspects) are not fully reciprocal, or beams overlap partially, then the gNB may have difficulties to uniquely identifying the best SSB. In such case one may wish to consider allowing Msg. 2 RA‑RNTI to indicate not a single SSB index, but rather an index referring to the entire set of SSBs mapping to the same group of PRACH preambles. To this end, one may define an PRACH group index to identify each PRACH group. See [7] for details on RA-RNTI.
[bookmark: _Ref494396348][bookmark: _Ref498432102]PRACH configuration table
As agreed in [10], the time allocation patterns for PRACH can be configured using a table. The table could have a structure analogous to the LTE table 5.7.1-2 in 36.211 [2]. In LTE there are 64 PRACH configuration indices, rather evenly distributed between the 4 preamble formats (of frame structure type 1), i.e. on average 16 PRACH configurations per preamble format. In NR, with 14 preamble formats and the 8 bits proposed for prach-ConfigIndex, one could in principle have about 18 PRACH configurations per format. Such a large number of PRACH configurations might not be needed, but it may still be good to have a table size that is a power of two (like in LTE) and reserve some of the indices for future use.
Below 6 GHz
A draft of such a PRACH configuration table for use below 6 GHz is provided in Table 5 (Appendix, Section 5.1). For convenience, the beginning of the table is duplicated in Table 4, and the design principle underlying the table is illustrated in Figure 6 (long sequences) and Figure 7 (short sequences). See Section 2.1 for an overview of agreed preamble formats.
The PRACH configuration table indicates start positions for PRACH allocations. Each start position marks the beginning of a full set of PRACH resources needed to provide associations for the set of actually transmitted SS blocks of the last SS burst set. This full set of PRACH resources will in general not correspond to exactly one subframe of PRACH resources. This is similar to LTE, where some long preamble formats may occupy more than one subframe.[footnoteRef:2]  [2:  Note that there may still be gaps in the PRACH window based on the parameters prach-StartingSymbolIndex and prach-EndSymbolIndex.] 

The use of frames and subframes (as opposed to slots) ensures that PRACH locations in time are independent of numerology and can match SS burst set periodicity. Periodicity up to 16 frames (i.e. RACH configuration period up to 160 ms) is proposed for the short sequence formats, but since such sparse periodicity mainly targets capacity, it is not considered needed for long sequence formats (formats 0–3, which mainly target coverage).The start positions within a frame were selected in consideration of SSB burst set end times, cf. the lower parts of Figure 6 and Figure 7.
Note that PPRACH preamble format 2, which has very long preamble, has fewer table entries than the shorter formats 0, 1, and 3. Similar holds for B4 as compared to the other An and Bn formats (for n<4). Some table indices are left unused (“N/A”) for future use.

[bookmark: _Toc498515533][bookmark: _Toc498594869][bookmark: _Toc498608591][bookmark: _Toc498609197][bookmark: _Toc498694611][bookmark: _Toc498700177][bookmark: _Toc498700238][bookmark: _Toc498702089]There should be a PRACH configuration table should similar to the LTE table 5.7.1-2 in 3GPP TS 36.211, which for each PRACH configuration index indicates start positions for PRACH allocations in terms of system frame numbers and subframe numbers.

[bookmark: _Toc498594870][bookmark: _Toc498608592][bookmark: _Toc498609198][bookmark: _Toc498694612][bookmark: _Toc498700178][bookmark: _Toc498700239][bookmark: _Toc498702090]Support RACH configuration period up to 160 ms.
[bookmark: _Toc498513213][bookmark: _Toc498513356][bookmark: _Toc498513501][bookmark: _Toc498515338]
[bookmark: _Toc498511852][bookmark: _Toc498511872][bookmark: _Toc498511910][bookmark: _Toc498512385][bookmark: _Toc498513214][bookmark: _Toc498513357][bookmark: _Toc498513502][bookmark: _Toc498515339][bookmark: _Toc498515534][bookmark: _Toc498594871][bookmark: _Toc498608593][bookmark: _Toc498609199][bookmark: _Toc498694613][bookmark: _Toc498700179][bookmark: _Toc498700240][bookmark: _Toc498702091]Use Table 5 as PRACH configuration table below 6 GHz.

Above 6 GHz
An analogous table for use above 6 GHz is provided in Table 6 (Appendix, Section 5.2). Since PRACH preamble formats 0–3 are not allowed above 6 GHz, fewer tables rows are needed. Therefore, the proposed table, including rows reserved for future use, only has 128 rows. The design principle underlying the table is illustrated in Figure 8. 

[bookmark: _Toc498094399][bookmark: _Toc498094824][bookmark: _Toc498350160][bookmark: _Toc498350850][bookmark: _Toc498421623][bookmark: _Toc498511853][bookmark: _Toc498511873][bookmark: _Toc498511911][bookmark: _Toc498512386][bookmark: _Toc498513215][bookmark: _Toc498513358][bookmark: _Toc498513503][bookmark: _Toc498515340][bookmark: _Toc498515535][bookmark: _Toc498594872][bookmark: _Toc498608594][bookmark: _Toc498609200][bookmark: _Toc498694614][bookmark: _Toc498700180][bookmark: _Toc498700241][bookmark: _Toc498702092][bookmark: _Toc498429272][bookmark: _Toc498499386]Use Table 6 as PRACH configuration table above 6 GHz.

Overlap between SS blocks and PRACH occasions
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 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: _Toc494739040][bookmark: _Toc494739090][bookmark: _Toc494739121][bookmark: _Toc494739159][bookmark: _Toc494739232][bookmark: _Toc497825986][bookmark: _Toc498090843][bookmark: _Toc498094400][bookmark: _Toc498094825][bookmark: _Toc498350161][bookmark: _Toc498350851][bookmark: _Toc498421624][bookmark: _Toc498429273][bookmark: _Toc498499387][bookmark: _Toc498511854][bookmark: _Toc498511874][bookmark: _Toc498511912][bookmark: _Toc498512387][bookmark: _Toc498513216][bookmark: _Toc498513359][bookmark: _Toc498513504][bookmark: _Toc498515341][bookmark: _Toc498515536][bookmark: _Toc498594873][bookmark: _Toc498608595][bookmark: _Toc498609201][bookmark: _Toc498694615][bookmark: _Toc498700181][bookmark: _Toc498700242][bookmark: _Toc498702093]The UE should only be allowed to transmit PRACH preambles at time instances (OFDM symbols) not indicated as used for actually transmitted SS blocks.

Since it has been agreed that RAN1 should strive to minimize the impact of the time location of the SS/PBCH block to the PRACH configuration table design [10], the rules for associating SS blocks with RACH occasions should for simplicity not consider which time instances the UE is allowed or not allowed to transmit on.


[bookmark: _Ref498094455]Table 4. First few rows of draft PRACH configuration table for use below 6 GHz 
(see Appendix Section 5.1, for full table)
	PRACH Configuration Index
	Preamble Format
	System frame number periodicity  1)
	Subframe number

	0
	0
	4
	5

	1
	0
	2
	1

	2
	0
	2
	2

	3
	0
	2
	4

	4
	0
	1
	1

	5
	0
	1
	2

	6
	0
	1
	4

	7
	0
	1
	1,6

	8
	0
	1
	2,7

	9
	0
	1
	4,9

	10
	0
	1
	1,4,7

	11
	0
	1
	2,5,8

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

	13
	1
	4
	5

	14
	1
	2
	1

	
	
	
	


1) PRACH allowed in system frame number  where mod(, ) = 0.
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[bookmark: _Ref498093981]Figure 6. Illustration of RACH configurations for long sequence below 6 GHz. SSB structures for 15 kHz and 30 kHz SCS are also shown for comparison.
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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.
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[bookmark: _Ref498093984]Figure 8. Illustration of RACH configurations for short sequence above 6 GHz. SSB structures for 120 kHz and 240 kHz SCS are also shown for comparison.


[bookmark: _Ref492548821]

Conclusion
In Section 2 we made the following observations:
Observation 1	Replacing the last preamble of a slot for format A with a format B preamble 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	Using the parameters in Proposal 5 for configuration allows setting PRACH preambles for CBRA and CFRA per SSB to be larger than the number of PRACH preambles for CBRA and CFRA per RACH occasion, i.e. it in a straightforward way allows associating an SSB with multiple RACH occasions, thus in a straightforward way increasing RACH capacity.

Based on the discussion in Section 2 we propose the following:
Proposal 1	For RACH formats A1, A2, A3, B1, B2, and B3, any preamble occupying the last symbol of a slot should not be used, in order to ensure enough guard in all situations. Mixes A/B of A and B formats are then not needed.
Proposal 2	Support also a RACH starting symbol value of 1.
Proposal 3	Support also a RACH starting symbol value of 5, to allow mitigation of TRP-to-TRP interference in TDD systems.
Proposal 4	Define RRC parameters and ranges of values according to Table 3.
Proposal 5	Number of PRACH transmission occasions FDMed in one time instance should have the range of values {1,2,4,8}.
Proposal 6	The association from the  PRACH preambles associated with one SS burst set with L’ SS-blocks is done by consecutively mapping  PRACH preambles to each SS-block
Proposal 7	The associations from SSB to PRACH preambles are configured using the following parameters: 1. Number of PRACH preambles for CBRA and CFRA per SSB  2. Number of PRACH preambles for CBRA per SSB  3. Number of PRACH preambles for CBRA and CFRA per RACH occasion
Proposal 8	The number of PRACH preambles for CBRA and CFRA per SSB (#PRACH_SSB) can be {4,8,16,32,64,128,256}.
Proposal 9	The number of PRACH preambles for CBRA per SSB can be {1, 2, 3, 4} if #PRACH_SSB = 4, {2, 4, 6, 8} if #PRACH_SSB = 8, {4, 8, 12, 16 } if #PRACH_SSB = 16, {4, 8, 12, 16, 20, 24, 28, 32} if #PRACH_SSB = 32, {4, 8, 12, 16, 24, 32, 48, 64} if #PRACH_SSB >= 64.
Proposal 10	The number of PRACH preambles for CBRA and CFRA per RACH occasion can be {4,8,16,32,64,128,256}.
Proposal 11	Preamble indices for CBRA and CFRA for one SSB are mapped consecutively in one RACH transmission occasion.
Proposal 12	The set of PRACH preamble sequences associated with one SS burst set is determined in the order of  1. the available cyclic shifts of a root Zadoff-Chu sequence  2. increasing root index   3. increasing frequency allocation  4. increasing PRACH preamble time instances within a slot 5. increasing slot index
Proposal 13	There should be a PRACH configuration table should similar to the LTE table 5.7.1-2 in 3GPP TS 36.211, which for each PRACH configuration index indicates start positions for PRACH allocations in terms of system frame numbers and subframe numbers.
Proposal 14	Support RACH configuration period up to 160 ms.
Proposal 15	Use Table 5 as PRACH configuration table below 6 GHz.
Proposal 16	Use Table 6 as PRACH configuration table above 6 GHz.
Proposal 17	The UE should only be allowed to transmit PRACH preambles at time instances (OFDM symbols) not indicated as used for actually transmitted SS blocks.
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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 Configuration Index
	Preamble Format
	System frame number periodicity  1)
	Subframe number
	PRACH Configuration Index
	Preamble Format
	System frame number periodicity  1)
	Subframe number

	0
	0
	4
	5
	128
	B3
	4
	5

	1
	0
	2
	1
	129
	B3
	2
	1

	2
	0
	2
	2
	130
	B3
	2
	2

	3
	0
	2
	4
	131
	B3
	2
	4

	4
	0
	1
	1
	132
	B3
	1
	1

	5
	0
	1
	2
	133
	B3
	1
	2

	6
	0
	1
	4
	134
	B3
	1
	4

	7
	0
	1
	1,6
	135
	B3
	1
	1,6

	8
	0
	1
	2,7
	136
	B3
	1
	2,7

	9
	0
	1
	4,9
	137
	B3
	1
	4,9

	10
	0
	1
	1,4,7
	138
	B3
	1
	0,1,2,3,4,
5,6,7,8,9

	11
	0
	1
	2,5,8
	139
	B4
	16
	5

	12
	0
	1
	0,2,4,6,8
	140
	B4
	8
	5

	13
	0
	1
	0,1,2,3,4,
5,6,7,8,9
	141
	B4
	4
	5

	14
	1
	4
	5
	142
	B4
	2
	4

	15
	1
	2
	1
	143
	B4
	1
	1

	16
	1
	2
	2
	144
	B4
	1
	2

	17
	1
	2
	4
	145
	B4
	1
	4

	18
	1
	1
	1
	146
	B4
	1
	2,7

	19
	1
	1
	2
	147
	B4
	1
	1,4,7

	20
	1
	1
	4
	148
	B4
	1
	0,1,2,3,4,
5,6,7,8,9

	21
	1
	1
	1,6
	149
	C0
	16
	5

	22
	1
	1
	2,7
	150
	C0
	8
	5

	23
	1
	1
	4,9
	151
	C0
	4
	5

	24
	1
	1
	1,4,7
	152
	C0
	2
	1

	25
	1
	1
	2,5,8
	153
	C0
	2
	2

	26
	2
	4
	5
	154
	C0
	2
	4

	27
	2
	2
	1
	155
	C0
	1
	1

	28
	2
	2
	2
	156
	C0
	1
	2

	29
	2
	2
	4
	157
	C0
	1
	4

	30
	2
	1
	1
	158
	C0
	1
	1,6

	31
	2
	1
	2
	159
	C0
	1
	2,7

	32
	2
	1
	4
	160
	C0
	1
	4,9

	33
	2
	1
	1,6
	161
	C0
	1
	0,1,2,3,4,
5,6,7,8,9

	34
	3
	4
	5
	162
	C2
	16
	5

	35
	3
	2
	1
	163
	C2
	8
	5

	36
	3
	2
	2
	164
	C2
	4
	5

	37
	3
	2
	4
	165
	C2
	2
	1

	38
	3
	1
	1
	166
	C2
	2
	2

	39
	3
	1
	2
	167
	C2
	2
	4

	40
	3
	1
	4
	168
	C2
	1
	1

	41
	3
	1
	1,6
	169
	C2
	1
	2

	42
	3
	1
	2,7
	170
	C2
	1
	4

	43
	3
	1
	4,9
	171
	C2
	1
	1,6

	44
	3
	1
	1,4,7
	172
	C2
	1
	2,7

	45
	3
	1
	2,5,8
	173
	C2
	1
	4,9

	46
	3
	1
	0,2,4,6,8
	174
	C2
	1
	0,1,2,3,4,
5,6,7,8,9

	47
	3
	1
	0,1,2,3,4,
5,6,7,8,9
	175
	N/A
	N/A
	N/A

	48
	A0
	16
	5
	176
	N/A
	N/A
	N/A

	49
	A0
	8
	5
	177
	N/A
	N/A
	N/A

	50
	A0
	4
	5
	178
	N/A
	N/A
	N/A

	51
	A0
	2
	1
	179
	N/A
	N/A
	N/A

	52
	A0
	2
	2
	180
	N/A
	N/A
	N/A

	53
	A0
	2
	4
	181
	N/A
	N/A
	N/A

	54
	A0
	1
	1
	182
	N/A
	N/A
	N/A

	55
	A0
	1
	2
	183
	N/A
	N/A
	N/A

	56
	A0
	1
	4
	184
	N/A
	N/A
	N/A

	57
	A0
	1
	1,6
	185
	N/A
	N/A
	N/A

	58
	A0
	1
	2,7
	186
	N/A
	N/A
	N/A

	59
	A0
	1
	4,9
	187
	N/A
	N/A
	N/A

	60
	A0
	1
	0,1,2,3,4,
5,6,7,8,9
	188
	N/A
	N/A
	N/A

	61
	A1
	16
	5
	189
	N/A
	N/A
	N/A

	62
	A1
	8
	5
	190
	N/A
	N/A
	N/A

	63
	A1
	4
	5
	191
	N/A
	N/A
	N/A

	64
	A1
	2
	1
	192
	N/A
	N/A
	N/A

	65
	A1
	2
	2
	193
	N/A
	N/A
	N/A

	66
	A1
	2
	4
	194
	N/A
	N/A
	N/A

	67
	A1
	1
	1
	195
	N/A
	N/A
	N/A

	68
	A1
	1
	2
	196
	N/A
	N/A
	N/A

	69
	A1
	1
	4
	197
	N/A
	N/A
	N/A

	70
	A1
	1
	1,6
	198
	N/A
	N/A
	N/A

	71
	A1
	1
	2,7
	199
	N/A
	N/A
	N/A

	72
	A1
	1
	4,9
	200
	N/A
	N/A
	N/A

	73
	A1
	1
	0,1,2,3,4,
5,6,7,8,9
	201
	N/A
	N/A
	N/A

	74
	A2
	16
	5
	202
	N/A
	N/A
	N/A

	75
	A2
	8
	5
	203
	N/A
	N/A
	N/A

	76
	A2
	4
	5
	204
	N/A
	N/A
	N/A

	77
	A2
	2
	1
	205
	N/A
	N/A
	N/A

	78
	A2
	2
	2
	206
	N/A
	N/A
	N/A

	79
	A2
	2
	4
	207
	N/A
	N/A
	N/A

	80
	A2
	1
	1
	208
	N/A
	N/A
	N/A

	81
	A2
	1
	2
	209
	N/A
	N/A
	N/A

	82
	A2
	1
	4
	210
	N/A
	N/A
	N/A

	83
	A2
	1
	1,6
	211
	N/A
	N/A
	N/A

	84
	A2
	1
	2,7
	212
	N/A
	N/A
	N/A

	85
	A2
	1
	4,9
	213
	N/A
	N/A
	N/A

	86
	A2
	1
	0,1,2,3,4,
5,6,7,8,9
	214
	N/A
	N/A
	N/A

	87
	A3
	16
	5
	215
	N/A
	N/A
	N/A

	88
	A3
	8
	5
	216
	N/A
	N/A
	N/A

	89
	A3
	4
	5
	217
	N/A
	N/A
	N/A

	90
	A3
	2
	1
	218
	N/A
	N/A
	N/A

	91
	A3
	2
	2
	219
	N/A
	N/A
	N/A

	92
	A3
	2
	4
	220
	N/A
	N/A
	N/A

	93
	A3
	1
	1
	221
	N/A
	N/A
	N/A

	94
	A3
	1
	2
	222
	N/A
	N/A
	N/A

	95
	A3
	1
	4
	223
	N/A
	N/A
	N/A

	96
	A3
	1
	1,6
	224
	N/A
	N/A
	N/A

	97
	A3
	1
	2,7
	225
	N/A
	N/A
	N/A

	98
	A3
	1
	4,9
	226
	N/A
	N/A
	N/A

	99
	A3
	1
	0,1,2,3,4,
5,6,7,8,9
	227
	N/A
	N/A
	N/A

	100
	B1
	16
	5
	228
	N/A
	N/A
	N/A

	101
	B1
	8
	5
	229
	N/A
	N/A
	N/A

	102
	B1
	4
	5
	230
	N/A
	N/A
	N/A

	103
	B1
	2
	1
	231
	N/A
	N/A
	N/A

	104
	B1
	2
	2
	232
	N/A
	N/A
	N/A

	105
	B1
	2
	4
	233
	N/A
	N/A
	N/A

	106
	B1
	1
	1
	234
	N/A
	N/A
	N/A

	107
	B1
	1
	2
	235
	N/A
	N/A
	N/A

	108
	B1
	1
	4
	236
	N/A
	N/A
	N/A

	109
	B1
	1
	1,6
	237
	N/A
	N/A
	N/A

	110
	B1
	1
	2,7
	238
	N/A
	N/A
	N/A

	111
	B1
	1
	4,9
	239
	N/A
	N/A
	N/A

	112
	B1
	1
	0,1,2,3,4,
5,6,7,8,9
	240
	N/A
	N/A
	N/A

	113
	B2
	16
	5
	241
	N/A
	N/A
	N/A

	114
	B2
	8
	5
	242
	N/A
	N/A
	N/A

	115
	B2
	4
	5
	243
	N/A
	N/A
	N/A

	116
	B2
	2
	1
	244
	N/A
	N/A
	N/A

	117
	B2
	2
	2
	245
	N/A
	N/A
	N/A

	118
	B2
	2
	4
	246
	N/A
	N/A
	N/A

	119
	B2
	1
	1
	247
	N/A
	N/A
	N/A

	120
	B2
	1
	2
	248
	N/A
	N/A
	N/A

	121
	B2
	1
	4
	249
	N/A
	N/A
	N/A

	122
	B2
	1
	1,6
	250
	N/A
	N/A
	N/A

	123
	B2
	1
	2,7
	251
	N/A
	N/A
	N/A

	124
	B2
	1
	4,9
	252
	N/A
	N/A
	N/A

	125
	B2
	1
	0,1,2,3,4,
5,6,7,8,9
	253
	N/A
	N/A
	N/A

	126
	B3
	16
	5
	254
	N/A
	N/A
	N/A

	127
	B3
	8
	5
	255
	N/A
	N/A
	N/A


1) PRACH allowed in system frame number  where mod(, ) = 0.




[bookmark: _Ref498094093]Above 6 GHz
[bookmark: _Ref498506100]Table 6. Draft PRACH configuration table for use above 6 GHz
	PRACH Configuration Index
	Preamble Format
	System frame number periodicity  1)
	Subframe number
	PRACH Configuration Index
	Preamble Format
	System frame number periodicity  1)
	Subframe number

	0
	A0
	16
	5
	64
	B3
	1
	3

	1
	A0
	8
	5
	65
	B3
	1
	5

	2
	A0
	4
	5
	66
	B3
	1
	0,5

	3
	A0
	2
	5
	67
	B3
	1
	3,8

	4
	A0
	1
	3
	68
	B3
	1
	0,2,4,6,8

	5
	A0
	1
	5
	69
	B3
	1
	0,1,2,3,4,
5,6,7,8,9

	6
	A0
	1
	0,5
	70
	B4
	16
	5

	7
	A0
	1
	3,8
	71
	B4
	8
	5

	8
	A0
	1
	0,2,4,6,8
	72
	B4
	4
	5

	9
	A0
	1
	0,1,2,3,4,
5,6,7,8,9
	73
	B4
	2
	5

	10
	A1
	16
	5
	74
	B4
	1
	3

	11
	A1
	8
	5
	75
	B4
	1
	5

	12
	A1
	4
	5
	76
	B4
	1
	0,5

	13
	A1
	2
	5
	77
	B4
	1
	3,8

	14
	A1
	1
	3
	78
	B4
	1
	0,2,4,6,8

	15
	A1
	1
	5
	79
	B4
	1
	0,1,2,3,4,
5,6,7,8,9

	16
	A1
	1
	0,5
	80
	C0
	16
	5

	17
	A1
	1
	3,8
	81
	C0
	8
	5

	18
	A1
	1
	0,2,4,6,8
	82
	C0
	4
	5

	19
	A1
	1
	0,1,2,3,4,
5,6,7,8,9
	83
	C0
	2
	5

	20
	A2
	16
	5
	84
	C0
	1
	3

	21
	A2
	8
	5
	85
	C0
	1
	5

	22
	A2
	4
	5
	86
	C0
	1
	0,5

	23
	A2
	2
	5
	87
	C0
	1
	3,8

	24
	A2
	1
	3
	88
	C0
	1
	0,2,4,6,8

	25
	A2
	1
	5
	89
	C0
	1
	0,1,2,3,4,
5,6,7,8,9

	26
	A2
	1
	0,5
	90
	C2
	16
	5

	27
	A2
	1
	3,8
	91
	C2
	8
	5

	28
	A2
	1
	0,2,4,6,8
	92
	C2
	4
	5

	29
	A2
	1
	0,1,2,3,4,
5,6,7,8,9
	93
	C2
	2
	5

	30
	A3
	16
	5
	94
	C2
	1
	3

	31
	A3
	8
	5
	95
	C2
	1
	5

	32
	A3
	4
	5
	96
	C2
	1
	0,5

	33
	A3
	2
	5
	97
	C2
	1
	3,8

	34
	A3
	1
	3
	98
	C2
	1
	0,2,4,6,8

	35
	A3
	1
	5
	99
	C2
	1
	0,1,2,3,4,
5,6,7,8,9

	36
	A3
	1
	0,5
	100
	N/A
	N/A
	N/A

	37
	A3
	1
	3,8
	101
	N/A
	N/A
	N/A

	38
	A3
	1
	0,2,4,6,8
	102
	N/A
	N/A
	N/A

	39
	A3
	1
	0,1,2,3,4,
5,6,7,8,9
	103
	N/A
	N/A
	N/A

	40
	B1
	16
	5
	104
	N/A
	N/A
	N/A

	41
	B1
	8
	5
	105
	N/A
	N/A
	N/A

	42
	B1
	4
	5
	106
	N/A
	N/A
	N/A

	43
	B1
	2
	5
	107
	N/A
	N/A
	N/A

	44
	B1
	1
	3
	108
	N/A
	N/A
	N/A

	45
	B1
	1
	5
	109
	N/A
	N/A
	N/A

	46
	B1
	1
	0,5
	110
	N/A
	N/A
	N/A

	47
	B1
	1
	3,8
	111
	N/A
	N/A
	N/A

	48
	B1
	1
	0,2,4,6,8
	112
	N/A
	N/A
	N/A

	49
	B1
	1
	0,1,2,3,4,
5,6,7,8,9
	113
	N/A
	N/A
	N/A

	50
	B2
	16
	5
	114
	N/A
	N/A
	N/A

	51
	B2
	8
	5
	115
	N/A
	N/A
	N/A

	52
	B2
	4
	5
	116
	N/A
	N/A
	N/A

	53
	B2
	2
	5
	117
	N/A
	N/A
	N/A

	54
	B2
	1
	3
	118
	N/A
	N/A
	N/A

	55
	B2
	1
	5
	119
	N/A
	N/A
	N/A

	56
	B2
	1
	0,5
	120
	N/A
	N/A
	N/A

	57
	B2
	1
	3,8
	121
	N/A
	N/A
	N/A

	58
	B2
	1
	0,2,4,6,8
	122
	N/A
	N/A
	N/A

	59
	B2
	1
	0,1,2,3,4,
5,6,7,8,9
	123
	N/A
	N/A
	N/A

	60
	B3
	16
	5
	124
	N/A
	N/A
	N/A

	61
	B3
	8
	5
	125
	N/A
	N/A
	N/A

	62
	B3
	4
	5
	126
	N/A
	N/A
	N/A

	63
	B3
	2
	5
	127
	N/A
	N/A
	N/A


1) PRACH allowed in system frame number  where mod(, ) = 0.
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