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Background

[bookmark: _Toc492918225]This document summarizes the submitted contributions for AH 1801 for AI 7.1.4.1, "PRACH Remaining details on PRACH formats".
For this final meeting let us focus on the basic and essential issues to be able to finalize the PRACH format agenda item for R15. The key issues are listed below:
· WA on number of time domain RACH occasions within a RACH slot
· Confirmation of WA on supported Preamble formats for SCS = 120kHz
· [bookmark: _GoBack]Corrections to OFDM signal generation
· Remaining details of number of FDMed RACH occasions and potential support of frequency hopping
· Handling of Semi-static UL/DL configuration in RMSI or OSI and collision between RACH occasion and DL part
· Starting OFDM symbol
· Remaining details on RACH configuration tables
· Paired spectrum, FR1, format 0-3
· Paired spectrum, FR1, format Ax,Bx,Cx
· Unpaired spectrum, FR1, format 0-3
· Unpaired spectrum, FR1, format Ax,Bx,Cx
· Paired spectrum, FR2, format Ax,Bx,Cx (Note: No FDD bands are agreed yet!!)
· Unpaired spectrum, FR2, format Ax,Bx,Cx
· Smaller spec edits

Key issues

WA on number of time domain RACH occasions within a RACH slot 
In RAN1#91 we made the following WA on the number of RACH occasions within a RACH slot
	· 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



Editors note: For format C0 it seems that one error was made in the last meeting, As C0 used only 2 OFDM symbols it is possible to have up to 7 C0 within one slot (in the case when 14 OFDM symbols are available)
WA on number of time domain RACH occasions within a RACH slot
Offline proposals:
Confirm the WA with the following updates:
· C0: 6 or 7

Confirmation of WA on supported Preamble formats for SCS = 120kHz
In RAN1#91 we made the following agreements:
	Agreements: (RAN1 #91)
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



The remaining issues regarding format A1/A2/A3 and C0 for SCS = 120kHz 
RAN1 have not received any answer on the LS sent during RAN1#91, however some additional information is provided in R1-1800164 from Mediatek. 
[image: ]
[bookmark: _Ref503358920]Figure 1: PRACH ON/OFF time mask in FR2

Offline proposal:
NR supports that PRACH preamble formats A1, A2, A3, and C0 with SCS=120kHz are mandatory for all UEs regardless of their capabilities.
Correction to OFDM signal generation
In version 38.211-2.0.0, we have the following signal generation equation. 

	The time-continuous signal [image: ] on antenna port [image: ] for PRACH is defined by
[image: ]
where [image: ] and [image: ] is given by clause 6.3.3. 
The starting position of the PRACH preamble in a subframe is given by [image: ] assuming the subframe starts at [image: ] where 
-	for [image: ], [image: ] for some [image: ].
The quantities [image: ] and [image: ] are given by clause 6.3.3 and [image: ] where 
-	for [image: ], [image: ] 
-	for [image: ], [image: ] is the number of times the interval [image: ] overlaps with either time instance 0 or time instance [image: ] in a subframe





	Agreements in RAN1#91

· 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}





OFDM signal generation for PRACH:

Two proposals related to the OFDM signal generation have been submitted to this meeting:
1. In the equation that describes the time-continuous OFDM signal: Change [image: ]to [image: ]+1 (Samsung)
2. Clearly define k0 (Intel)
a. In the above equation, k0 has to be defined to reflect the following agreement that we had in last RAN1 meeting and the “prach-frequency-start” which was agreed to be added in RRC. Therefore, it is proposed to clearly define k0 according to the current agreement along with the initial BWP configuration.



[image: ]
Is  correct: (according to agreement k0 shall be given in number of PRBs (12 SC))
Offline proposal:
Alt1:  Keep 
Alt2: Change to 
On top of Alt1 or Alt2 change [image: ]to [image: ]+1 ?

[Samsung]
Agreements (RAN1#91):
· RACH PRB allocation is the PRBs allocated to RACH within a RACH slot
· NR supports the following numbers of subcarriers as guard band:
· Note: Generation of any additional guard band is up to gNB implementation

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

	839
	1.25
	15
	6 
	25

	839
	1.25
	30
	3 
	25

	839
	1.25
	60
	2
	313

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

	139
	15
	{15,30}
	12, 6
	5

	139
	15
	60
	3
	5

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

	139
	60
	{60,120}
	12,6
	5

	139
	120
	{60, 120}
	24,12
	5



But the determination of the value of  is not necessarily to be half of “Number of subcarriers as guard band”. Actually, above generation method and value of  cannot guarantee the preamble sequence is located in the centre of PRACH. For example, the corresponding , which represented as  in LTE, for format 0~1, the , and the  guard sub-carrier on the end of PRACH BW is 18, which not simply be half of “Number of subcarriers as guard band”.
In order to borrow the proved performance of LTE, One solution of this issue is to modify the generation equation as follows.


In this way, for the case of long preamble sequence with 1.25kHz subcarrier spacing and 15kHz data subcarrier spacing, the generation equation is the same with that of LTE. In this case,  the exponential part of e is , which is the same with that of LTE as .
In such case, this method can also guarantee that centre of preamble sequence (419 from index 0 ~ 839 ) can be aligned with 36th subcarrier of 6 RBs of PUSCH, which can simplified the implementation. The above method coincides with LTE, and will benefit the co-existence of LTE and NR and can be also implemented by adding all values of  by 1.
Remaining details of number of FDMed RACH occasions and potential support of frequency hopping 
In RAN1#91 we made the following agreements on the FDMed PRACH transmission occasions:
	· 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



Number of FDMed RACH occasions:
Based on the agreements made in RAN1#91 (see above) and the proposals in the submitted contributions to this meeting we have the following alternatives on the number of FDMed RACH occasions in one time instance. 
· 1,2,4,8 for SCS=1.25kHz, 15kHz and 60kHz (ZTE)
· 1,2,3,4 for SCS=5kHz, 30kHz and 120kHz (ZTE)
· 1,2,4,6 for all SCS (MediaTek)
· 1,2,4,8 for all SCS (Ericsson, NTT Docomo)

Offline proposal: 
The value range of the 2-bit RRC parameter prach-FDM is {1,2,4,8}
Support of frequency hopping of PRACH transmissions in NR.
In LTE (TDD) frequency hopping is supported. The following is proposed for NR:
Offline proposal:
· Alt1: NR does not support frequency hopping
· Alt2: NR support frequency hopping only in the case when number of FDMed RACH occasions at one time instance = 1 
· Alt3: NR support frequency hopping independent of number of FDMed RACH occasions at one time instance
Handling of Semi-static UL/DL configuration in RMSI or OSI and collision between RACH occasion and DL part
In RAN1#91 we made the following working assumption:
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.

Decision regarding if the semi static UL/DL configuration will be in RMSI or in OSI. No company propose that it shall be in the OSI.
Offline proposal:
Confirm the working assumption
Handling the collision of a RACH occasion and a DL portion:
Nokia raise the following issue: “The agreement in RAN1#91 assumes that DL transmissions don’t collide with RACH Occasions, however if a downlink transmission collides with a RACH occasion, it is not clear how this scenario is handled. There are different types of DL symbols:
1. DL symbols carrying actually transmitted SSBs.
2. DL symbols carrying actually transmitted RMSI occasions.
3. Semi-statically configured DL symbols.”

Several proposals from various companies have been proposed and are listed below:
[ZTE] Proposal 3: The constraints to design the RACH resources for unpaired spectrum should be agreed:
· RACH resources should be in the UL part or unknown part defined by the semi-static UL/DL configuration.

[CATT] Proposal 10: For TDD in NR, there should be at least one RACH configuration that does not collide with SSB slots.

[Qualcomm] Proposal 3: NR considers over-writing the semi-static DL/UL pattern based on RACH configuration. 
· If a RACH occasion falls in a DL portion of semi-static DL/UL pattern, the RACH occasion overwrites that particular DL portion, i.e., UE assumes that portion to be UL.
· In this scenario, introducing start symbol(s) larger than 2 is not needed.

[Ericsson] 	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.

[Nokia] Proposal 5: If a RACH occasion collides with an actually transmitted SSB or actually transmitted RMSI occasion, the RACH occasion is dropped and not counted with the RACH occasions. If a RACH occasion collides with a semi-statically configured DL symbol, the RACH occasion is not dropped, there will be no downlink transmission in that symbol.

[Huawei, submitted in 7.1.4] Proposal 1: The PRACH resources configured in RMSI are also allowed to be transmitted in the DL part configured by UL-DL-configuration-common.

Offline proposals:
· If a RACH occasion collides with an actually transmitted SSB the RACH occasion is dropped

· If a RACH occasion collides with other DL signals (not SSB) 
· Alt1: 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.
· Alt2: Drop the RACH occasion (all other DL signals)
· Alt3: Drop the RACH occasion if the DL signal is not the SSB or RMSI
· Alt4: UE overwrites the DL signal and assume that it is a UL part and the RACH occasion can be used
Start OFDM symbol
In RAN1#91 we made the following agreement on the starting symbol value.
· 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 

Editors note: For paired spectrum the understanding is that the start symbol is the same as the physical symbol number. 
Based on the submitted contributions for this meeting we have make the following proposal on the definition of starting symbol for unpaired spectrum:
· Alt1: Starting symbol is the same as the physical symbol number
· Alt2: Starting symbols refers to the first UL symbol in the slot (first UL symbol is based on UL/DL configuration)
· Alt3: Starting symbol refers to end of the slot (see illustration below)
[image: ]
Values of starting symbol for unpaired spectrum to be determined after deciding on definition of starting symbol for unpaired spectrum. For instance, if alt1 is selected then more start symbol index could be needed compared to alt2 and alt3. For alt2 and alt3 only the UL part need to be considered for the start symbol index while for alt1 all physical symbol index (e.g 0-11) could be needed. 

Remaining details of RACH configuration tables
In RAN1#91 we agreed to have four configuration tables, two for paired spectrum (FR1 and FR2) and two for unpaired spectrum (FR1 and FR2). We made some agreements for one of the configuration tables, paired spectrum for FR1. For this meeting we need to finalize all four tables. 
One proposal from Ericsson would be to make a small change in the header for the configuration tables. 
RACH configuration table headings, with a proposed change in the last column 
	PRACH
Configuration 
Index
	Preamble format
	

	Subframe number
	Starting symbol
	Number of PRACH slots within a subframe
	Number of time domain PRACH occasions within a RACH slot

	
	
	

	

	
	
	
	



Offline proposal:
Agree on the proposed update of the header for the last column in the configuration table by including ”time domain” so that the last column will read “Number of time domain PRACH occasions within a RACH slot”
In the following subsections the RACH configuration tables are discussed. From the submitted contributions it can be seen that the proposals are not fully aligned. Especially for unpaired spectrum, there will a need to first discuss the design principles before agreeing on the configuration tables. For paired spectrum it is possible to look at the configuration tables as the proposals are more aligned (as FDD have less issues compared to TDD). 
Paired spectrum and FR1 (FDD below 6GHz), Long sequences
Several companies have made some proposals regarding the paired spectrum and FR1 for the long sequence based PRACH preambles. 
On top of the agreed configurations from RAN1#91 the following entries are proposed to be added, note x and y are used according to the following header for the RACH configuration table:
	PRACH
Configur ation 
Index
	Preamble format
	

	Subframe number
	Starting symbol
	Number of PRACH slots within a subframe
	Number of PRACH occasions within a RACH slot

	
	
	

	

	
	
	
	



Current agreed RACH configurations in 38.211 (expressed in a compact way), note that the start OFDM symbol is omitted in the below compact representation. The first step would be to agree on the subframe numbers after that the starting symbol. 
· Format 0:
· x=2, y=1, subframe={{1},{4},{7},{9}}
· x=1,y=0,subframe={{1},{4},{7},{1,6},{2,7},{3,8},{1,4,7},{2,5,8},{3,6,9},{0,2,4,6,8},
{1,3,5,7,9},{0,1,2,3,4,5,6,7,8,9}}
· Format 1 and 3:
· x=2, y=1, subframe={{1},{4},{7},{9}}
· x=1, y=0,subframe={{1},{4},{7},{1,6},{2,7},{3,8},{1,4,7},{2,5,8},{3,6,9}}
· Format 2:
· x=4, y=0, subframe={{1}}
· x=1, 2, y=0, subframe={{1},{5}}

Below follow some proposals from several companies 
· Format 0
· Alt1 (LGE): (on top of the existing configurations)
· x=4,8,16, y=1, subframe={{1},{4},{7},{9}}
· Alt2 (CATT): (on top of the existing configurations)
· x=4,8,16, y=1, subframe={9}
· Alt3 (Nokia): (on top of the existing configurations)
· x=4,8,16, y=1, subframe={{1},{4},{7}}
· Alt4 (Huawei):
· x=2,4,8,y=1, subframe={{1},{6}}
· x=2,y=0, subframe = {9}
· x=1,y=0,subframe={{1},{6},{1,6},{2,7},,{1,4,7},{2,5,8},{0,2,4,6,8},{1,3,5,7,9},{0,1,2,3,4,5,6,7,8,9}}
· Format 1
· Alt1 (LGE): (on top of the existing configurations)
· x=4,8,16, y=1, subframe={{1},{4},{7},{9}}
· Alt2 (CATT): (on top of the existing configurations)
· x=4,8,16, y=1, subframe={8}
· Alt3 (Nokia): (on top of the existing configurations)
· x=4,8,16, y=1, subframe={{1},{4},{7}}
· Alt4 (Huawei):
· x=2,4,8,y=1, subframe={{1},{6}}
· x=2,y=0, subframe = {9}
· x=1,y=0,subframe={{1},{6},{1,6},{2,7},{1,4,7},{2,5,8}}
· Format 2
· Alt1 (LGE, CATT): (on top of the existing configurations)
· x=8,16, y=1, subframe={1}
· Alt2 (Nokia): (on top of the existing configurations)
· x=8,16, y=1, subframe={{1},{4},{7}}
· Alt3 (Huawei):
· x=2,4,8,y=1, subframe={{1},{6}}
· x=2,y=0, subframe = {9}
· x=1,y=0,subframe={{1},{6},{1,6},{2,7}}

· Format 3
· Alt1 (LGE): (on top of the existing configurations)
· x=4,8,16, y=1, subframe={{1},{4},{7},{9}}
· Alt2 (CATT): (on top of the existing configurations)
· x=8,16, y=1, subframe={9}
· Alt3 (Nokia): (on top of the existing configurations)
· x=8,16, y=1, subframe={{1},{4},{7}}
· Alt4 (Huawei):
· x=2,4,8,y=1, subframe={{1},{6}}
· x=2,y=0, subframe = {9}
· x=1,y=0,subframe={{1},{6},{1,6},{2,7},,{1,4,7},{2,5,8},{0,2,4,6,8},{1,3,5,7,9},{0,1,2,3,4,5,6,7,8,9}}
Based on the above proposal we can make the following offline proposal:
Table 6.3.3.2-2: Random access configurations for FR1 and paired spectrum (long sequence)
	PRACH
Configuration 
Index
(to be managed by spec editor)
	Preamble format
	

	Subframe number
	Starting symbol
	Number of PRACH slots within a subframe
	Number of PRACH occasions within a RACH slot

	
	
	

	

	
	
	
	

	0
	0
	2
	1
	1
	-
	-
	-

	1
	0
	2
	1
	4
	-
	-
	-

	2
	0
	2
	1
	7
	-
	-
	-

	3
	0
	1
	0
	1
	-
	-
	-

	4
	0
	1
	0
	4
	-
	-
	-

	5
	0
	1
	0
	7
	-
	-
	-

	6
	0
	1
	0
	1,6
	-
	-
	-

	7
	0
	1
	0
	2,7
	-
	-
	-

	8
	0
	1
	0
	3,8
	-
	-
	-

	9
	0
	1
	0
	1,4,7
	-
	-
	-

	10
	0
	1
	0
	2,5,8
	-
	-
	-

	11
	0
	1
	0
	3, 6, 9
	-
	-
	-

	12
	0
	1
	0
	0,2,4,6,8
	-
	-
	-

	13
	0
	1
	0
	1,3,5,7,9
	-
	-
	-

	14
	0
	1
	0
	0,1,2,3,4,5,6,7,8,9
	-
	-
	-

	15
	0
	2
	1
	9
	-
	-
	-

	16
	0
	4
	1
	1
	-
	-
	-

	…
	0
	4
	1
	4
	-
	-
	-

	
	0
	4
	1
	7
	-
	-
	-

	
	0
	4
	1
	9
	-
	-
	-

	
	0
	8
	1
	1
	-
	-
	-

	
	0
	8
	1
	4
	-
	-
	-

	
	0
	8
	1
	7
	-
	-
	-

	
	0
	8
	1
	9
	-
	-
	-

	
	0
	16
	1
	1
	-
	-
	-

	
	0
	16
	1
	4
	-
	-
	-

	
	0
	16
	1
	7
	-
	-
	-

	
	0
	16
	1
	9
	-
	-
	-

	
	1
	2
	1
	1
	-
	-
	-

	
	1
	2
	1
	4
	-
	-
	-

	
	1
	2
	1
	7
	-
	-
	-

	
	1
	1
	0
	1
	-
	-
	-

	
	1
	1
	0
	4
	-
	-
	-

	
	1
	1
	0
	7
	-
	-
	-

	
	1
	1
	0
	1,6
	-
	-
	-

	
	1
	1
	0
	2,7
	-
	-
	-

	
	1
	1
	0
	3,8
	-
	-
	-

	
	1
	1
	0
	1,4,7
	-
	-
	-

	
	1
	1
	0
	2,5,8
	-
	-
	-

	
	1
	1
	0
	3,6,9
	-
	-
	-

	
	1
	2
	1
	9
	-
	-
	-

	
	1
	4
	1
	1
	-
	-
	-

	
	1
	4
	1
	4
	-
	-
	-

	
	1
	4
	1
	7
	-
	-
	-

	
	1
	4
	1
	9
	-
	-
	-

	
	1
	8
	1
	1
	-
	-
	-

	
	1
	8
	1
	4
	-
	-
	-

	
	1
	8
	1
	7
	-
	-
	-

	
	1
	8
	1
	9
	-
	-
	-

	
	1
	16
	1
	1
	-
	-
	-

	
	1
	16
	1
	4
	-
	-
	-

	
	1
	16
	1
	7
	-
	-
	-

	
	1
	16
	1
	9
	-
	-
	-

	
	3
	2
	1
	1
	-
	-
	-

	
	3
	2
	1
	4
	-
	-
	-

	
	3
	2
	1
	7
	-
	-
	-

	
	3
	1
	0
	1
	-
	-
	-

	
	3
	1
	0
	4
	-
	-
	-

	
	3
	1
	0
	7
	-
	-
	-

	
	3
	1
	0
	1,6
	-
	-
	-

	
	3
	1
	0
	2,7
	-
	-
	-

	
	3
	1
	0
	3,8
	-
	-
	-

	
	3
	1
	0
	1,4,7
	-
	-
	-

	
	3
	1
	0
	2,5,8
	-
	-
	-

	
	3
	1
	0
	3, 6, 9
	-
	-
	-

	
	3
	1
	0
	0,2,4,6,8
	-
	-
	-

	
	3
	1
	0
	1,3,5,7,9
	-
	-
	-

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

	
	3
	2
	1
	9
	-
	-
	-

	
	3
	4
	1
	1
	-
	-
	-

	
	3
	4
	1
	4
	-
	-
	-

	
	3
	4
	1
	7
	-
	-
	-

	
	3
	4
	1
	9
	-
	-
	-

	
	3
	8
	1
	1
	-
	-
	-

	
	3
	8
	1
	4
	-
	-
	-

	
	3
	8
	1
	7
	-
	-
	-

	
	3
	16
	1
	1
	-
	-
	-

	
	3
	16
	1
	4
	-
	-
	-

	
	3
	16
	1
	7
	-
	-
	-

	
	3
	16
	1
	9
	-
	-
	-

	
	2
	4
	0
	1
	0
	-
	-

	
	2
	2
	0
	1
	0
	-
	-

	
	2
	2
	0
	5
	0
	-
	-

	
	2
	1
	0
	1
	0
	-
	-

	
	2
	1
	0
	5
	0
	-
	-

	
	2
	8
	1
	1
	0
	-
	-

	
	2
	16
	1
	1
	0
	-
	-

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	



Paired spectrum in FR1, short sequence
For the short sequence and paired spectrum in FR1 several companies have made proposals for the RACH configurations. Many of the companies have used a table from R1-1721573 Summary of Remaining details on PRACH formats. 
	PRACH
Configuration 
Index
	Preamble format
	

	Subframe number
	Starting symbol
	Number of PRACH slots within a subframe
	Number of PRACH occasions within a RACH slot

	
	
	

	

	
	
	
	


Reference proposal in R1-1721573, a compact representation is given below, the starting symbol is not included below. Each value for the starting symbol for same values of x and y will have a separate entry in the table. 
· For formats based on short sequence
· x=4,8,16, y=1, subframe={5}
· x=2 y=1, subframe={5}
· x=2 y=1, subframe={{1},{2}{4}}
· For all formats except B4: x=1,y=1,subframe={{1},{2},{4},{1,6},{2,7},{4,9},{0,1,2,3,4,5,6,7,8,9}}
· B4: x=1,y=1,subframe={{1},{2},{4},{2,7},{1,4,7},{0,1,2,3,4,5,6,7,8,9}}

Based on the submitted contributions to this meeting it can be noticed that several companies use the above configurations as a starting point. It is therefore proposed that we start with the above configurations and do some smaller modifications based on that version. 
Below follow some proposals from companies that we can use during our offline discussions. 
CATT: As above
Intel: As above but uses same configuration for B4 as for rest of formats
Ericsson: As above but with some more entries with different values of start symbol.
LGE
· Following values are applied for PRACH configuration:
· x=2,4,8,16, y=1, subframe={{1},{4},{7},{9}}
· x=1,y=1,subframe={{1},{4},{7},{1,6},{2,7},{3,8},{1,4,7},{2,5,8},{3,6,9},{0,2,4,6,8},{1,3,5,7,9},{0,1,2,3,4,5,6,7,8,9}, {9}}

Nokia:
· Following values are applied for format A1:
· x=2,4,8,16, y=1, subframe={{7},{2,7}}
· x=2,4,8,16, y=0, subframe={{7}}
· x=1, y=0, subframe={{7},{2,7}}, 

· Following values are applied for format A2:
· x=8,16, y=0,1, subframe={{7},{2,7}}
· x=8,16, y=0,1,2,3, subframe={{7}}
· x=2,4, y=0,1, subframe={{2}{2,7}}
· x=1, y=0, subframe={{7},{2,7}},
· Rest of formats can be derived in similar way (not described in detail in the contribution)
ZTE:
· Following values are applied for format A1:
· x=1,y=0,subframe={{1},{4},{7},{1,6},{2,7},{3,8},{1,4,7},{2,5,8},{3,6,9},{0,2,4,6,8},{1,3,5,7,9},{0,1,2,3,4,5,6,7,8,9}}
· x=2,y=1,subframe={{1},{4},{7},{9}}
· Similar configuration for rest of formats.
· Note: This is similar to LGEs proposal.
Huawei:
· Following values are applied for PRACH configuration:
· x=16, y=0, subframe={{2,7}}
· x=2,4,8, y=0, subframe={{1,6},{2,7}}
· x=2, y=1, subframe = {{1},{4},{7},{9}}
· x=1,y=0,1,subframe={{1,6},{2,7},{0,2,4,6,8},{1,3,5,7,9},{0,1,2,3,4,5,6,7,8,9}}

Based on the above proposals we can make the following offline proposal:
· Table 6.3.3.2-2: Random access configurations for FR1 and paired spectrum (short sequence)

	
	A1/B1
	16
	0
	5
	0
	1
	7

	
	A1/B1
	16
	0
	5
	0
	2
	7

	
	A1/B1
	8
	0
	5
	0
	1
	7

	
	A1/B1
	8
	0
	5
	0
	2
	7

	
	A1/B1
	4
	0
	5
	0
	1
	7

	
	A1/B1
	4
	0
	5
	0
	2
	7

	
	A1/B1
	2
	0
	1
	0
	1
	7

	
	A1/B1
	2
	0
	1
	0
	2
	7

	
	A1/B1
	2
	0
	2
	0
	1
	7

	
	A1/B1
	2
	0
	4
	0
	1
	7

	
	A1/B1
	1
	0
	1
	0
	1
	7

	
	A1/B1
	1
	0
	1
	0
	2
	7

	
	A1/B1
	1
	0
	2
	0
	1
	7

	
	A1/B1
	1
	0
	4
	0
	1
	7

	
	A1/B1
	1
	0
	1,6
	0
	1
	7

	
	A1/B1
	1
	0
	2,7
	0
	1
	7

	
	A1/B1
	1
	0
	4,9
	0
	1
	7

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

	
	A1
	16
	0
	5
	0
	1
	6

	
	A1
	16
	0
	5
	0
	2
	6

	
	A1
	8
	0
	5
	0
	1
	6

	
	A1
	8
	0
	5
	0
	2
	6

	
	A1
	4
	0
	5
	0
	1
	6

	
	A1
	4
	0
	5
	0
	2
	6

	
	B1
	2
	0
	1
	0
	1
	7

	
	B1
	2
	0
	1
	0
	2
	7

	
	B1
	1
	0
	1
	0
	1
	7

	
	B1
	1
	0
	1
	0
	2
	7

	
	B1
	1
	0
	1,6
	0
	1
	7

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

	
	
	
	
	
	
	
	

	
	A2/B2
	16
	0
	5
	0
	1
	3

	
	A2/B2
	16
	0
	5
	0
	2
	3

	
	A2/B2
	8
	0
	5
	0
	1
	3

	
	A2/B2
	8
	0
	5
	0
	2
	3

	
	A2/B2
	4
	0
	5
	0
	1
	3

	
	A2/B2
	4
	0
	5
	0
	2
	3

	
	A2/B2
	2
	0
	1
	0
	1
	3

	
	A2/B2
	2
	0
	1
	0
	2
	3

	
	A2/B2
	2
	0
	2
	0
	1
	3

	
	A2/B2
	2
	0
	4
	0
	1
	3

	
	A2/B2
	1
	0
	1
	0
	1
	3

	
	A2/B2
	1
	0
	1
	0
	2
	3

	
	A2/B2
	1
	0
	2
	0
	1
	3

	
	A2/B2
	1
	0
	4
	0
	1
	3

	
	A2/B2
	1
	0
	1,6
	0
	1
	3

	
	A2/B2
	1
	0
	2,7
	0
	1
	3

	
	A2/B2
	1
	0
	4,9
	0
	1
	3

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

	
	A2
	16
	0
	5
	0
	1
	3

	
	A2
	16
	0
	5
	0
	2
	3

	
	A2
	8
	0
	5
	0
	1
	3

	
	A2
	8
	0
	5
	0
	2
	3

	
	A2
	4
	0
	5
	0
	1
	3

	
	A2
	4
	0
	5
	0
	2
	3

	
	A2
	2
	0
	1
	0
	1
	3

	
	A2
	2
	0
	1
	0
	2
	3

	
	A2
	1
	0
	1
	0
	1
	3

	
	A2
	1
	0
	1
	0
	2
	3

	
	A2
	1
	0
	1,6
	0
	1
	3

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

	
	
	
	
	
	
	
	

	
	A3/B3
	16
	0
	5
	0
	1
	2

	
	A3/B3
	16
	0
	5
	0
	2
	2

	
	A3/B3
	8
	0
	5
	0
	1
	2

	
	A3/B3
	8
	0
	5
	0
	2
	2

	
	A3/B3
	4
	0
	5
	0
	1
	2

	
	A3/B3
	4
	0
	5
	0
	2
	2

	
	A3/B3
	2
	0
	1
	0
	1
	2

	
	A3/B3
	2
	0
	1
	0
	2
	2

	
	A3/B3
	2
	0
	2
	0
	1
	2

	
	A3/B3
	2
	0
	4
	0
	1
	2

	
	A3/B3
	1
	0
	1
	0
	1
	2

	
	A3/B3
	1
	0
	1
	0
	2
	2

	
	A3/B3
	1
	0
	2
	0
	1
	2

	
	A3/B3
	1
	0
	4
	0
	1
	2

	
	A3/B3
	1
	0
	1,6
	0
	1
	2

	
	A3/B3
	1
	0
	2,7
	0
	1
	2

	
	A3/B3
	1
	0
	4,9
	0
	1
	2

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

	
	A3
	16
	0
	5
	0
	1
	2

	
	A3
	16
	0
	5
	0
	2
	2

	
	A3
	8
	0
	5
	0
	1
	2

	
	A3
	8
	0
	5
	0
	2
	2

	
	A3
	4
	0
	5
	0
	1
	2

	
	A3
	4
	0
	5
	0
	2
	2

	
	A3
	2
	0
	1
	0
	1
	2

	
	A3
	2
	0
	1
	0
	2
	2

	
	A3
	1
	0
	1
	0
	1
	2

	
	A3
	1
	0
	1
	0
	2
	2

	
	A3
	1
	0
	1,6
	0
	1
	2

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

	
	
	
	
	
	
	
	

	
	B4
	16
	0
	5
	0
	1
	1

	
	B4
	16
	0
	5
	0
	2
	1

	
	B4
	8
	0
	5
	0
	1
	1

	
	B4
	8
	0
	5
	0
	2
	1

	
	B4
	4
	0
	5
	0
	1
	1

	
	B4
	4
	0
	5
	0
	2
	1

	
	B4
	2
	0
	1
	0
	1
	1

	
	B4
	2
	0
	1
	0
	2
	1

	
	B4
	2
	0
	2
	0
	1
	1

	
	B4
	2
	0
	4
	0
	1
	1

	
	B4
	1
	0
	1
	0
	1
	1

	
	B4
	1
	0
	1
	0
	2
	1

	
	B4
	1
	0
	2
	0
	1
	1

	
	B4
	1
	0
	4
	0
	1
	1

	
	B4
	1
	0
	1,6
	0
	1
	1

	
	B4
	1
	0
	2,7
	0
	1
	1

	
	B4
	1
	0
	4,9
	0
	1
	1

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

	
	
	
	
	
	
	
	

	
	C0
	16
	0
	5
	0
	1
	7

	
	C0
	16
	0
	5
	0
	2
	7

	
	C0
	8
	0
	5
	0
	1
	7

	
	C0
	8
	0
	5
	0
	2
	7

	
	C0
	4
	0
	5
	0
	1
	7

	
	C0
	4
	0
	5
	0
	2
	7

	
	C0
	2
	0
	1
	0
	1
	7

	
	C0
	2
	0
	1
	0
	2
	7

	
	C0
	2
	0
	2
	0
	1
	7

	
	C0
	2
	0
	4
	0
	1
	7

	
	C0
	1
	0
	1
	0
	1
	7

	
	C0
	1
	0
	1
	0
	2
	7

	
	C0
	1
	0
	2
	0
	1
	7

	
	C0
	1
	0
	4
	0
	1
	7

	
	C0
	1
	0
	1,6
	0
	1
	7

	
	C0
	1
	0
	2,7
	0
	1
	7

	
	C0
	1
	0
	4,9
	0
	1
	7

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

	
	
	
	
	
	
	
	

	
	C2
	16
	0
	5
	0
	1
	2

	
	C2
	16
	0
	5
	0
	2
	2

	
	C2
	8
	0
	5
	0
	1
	2

	
	C2
	8
	0
	5
	0
	2
	2

	
	C2
	4
	0
	5
	0
	1
	2

	
	C2
	4
	0
	5
	0
	2
	2

	
	C2
	2
	0
	1
	0
	1
	2

	
	C2
	2
	0
	1
	0
	2
	2

	
	C2
	2
	0
	2
	0
	1
	2

	
	C2
	2
	0
	4
	0
	1
	2

	
	C2
	1
	0
	1
	0
	1
	2

	
	C2
	1
	0
	1
	0
	2
	2

	
	C2
	1
	0
	2
	0
	1
	2

	
	C2
	1
	0
	4
	0
	1
	2

	
	C2
	1
	0
	1,6
	0
	1
	2

	
	C2
	1
	0
	2,7
	0
	1
	2

	
	C2
	1
	0
	4,9
	0
	1
	2

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

	
	
	
	
	
	
	
	




Unpaired spectrum and FR1 (TDD below 6GHz), long sequences
Several companies have made proposals for unpaired spectrum below 6GHz and FR1 for the long sequences. 
Most of companies propose that all formats (0-3) shall be supported. 
Offline proposal:
NR supports PRACH format 0-3 for unpaired spectrum below 6GHz and FR1. 
Below follow the proposed RACH configurations for the long formats, it is based on the submitted proposals from the companies.
Offline proposal
· Table 6.3.3.2-3: Random access configurations for FR1 and unpaired spectrum (long sequence)
	PRACH
Configuration 
Index
	Preamble format
	

	Subframe number
	Starting symbol
	Number of PRACH slots within a subframe
	Number of PRACH occasions within a RACH slot

	
	
	

	

	
	
	
	

	1
	0
	16
	15
	9
	N/A
	N/A
	N/A

	2
	0
	8
	7
	9
	N/A
	N/A
	N/A

	3
	0
	4
	3
	9
	N/A
	N/A
	N/A

	4
	0
	2
	1
	9
	N/A
	N/A
	N/A

	5
	0
	2
	0
	9
	N/A
	N/A
	N/A

	6
	0
	2
	1
	4
	N/A
	N/A
	N/A

	7
	0
	2
	0
	4
	N/A
	N/A
	N/A

	8
	0
	1
	0
	9
	N/A
	N/A
	N/A

	9
	0
	1
	0
	4
	N/A
	N/A
	N/A

	10
	0
	1
	0
	7
	N/A
	N/A
	N/A

	11
	0
	1
	0
	4, 9
	N/A
	N/A
	N/A

	12
	0
	1
	0
	3, 8
	N/A
	N/A
	N/A

	13
	0
	1
	0
	2, 7
	N/A
	N/A
	N/A

	14
	0
	1
	0
	4,8,9
	N/A
	N/A
	N/A

	15
	0
	1
	0
	7,8,9
	N/A
	N/A
	N/A

	16
	0
	1
	0
	3,4,9
	N/A
	N/A
	N/A

	17
	0
	1
	0
	3,4,8,9
	N/A
	N/A
	N/A

	18
	0
	1
	0
	2,4,7,9
	N/A
	N/A
	N/A

	19
	0
	1
	0
	6,7,8,9
	N/A
	N/A
	N/A

	20
	0
	1
	0
	5,6,7,8,9
	N/A
	N/A
	N/A

	21
	0
	1
	0
	1,3,5,7,9
	N/A
	N/A
	N/A

	22
	0
	1
	0
	3,4,7,8,9
	N/A
	N/A
	N/A

	23
	0
	1
	0
	2,3,4,7,8,9
	N/A
	N/A
	N/A

	24
	0
	1
	0
	4,5,6,7,8,9
	N/A
	N/A
	N/A

	25
	1
	16
	15
	7
	N/A
	N/A
	N/A

	26
	1
	8
	7
	7
	N/A
	N/A
	N/A

	27
	1
	4
	3
	7
	N/A
	N/A
	N/A

	28
	1
	2
	1
	7
	N/A
	N/A
	N/A

	29
	1
	2
	0
	7
	N/A
	N/A
	N/A

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

	31
	1
	2
	0
	2
	N/A
	N/A
	N/A

	32
	1
	1
	0
	7
	N/A
	N/A
	N/A

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

	34
	1
	1
	0
	2.7
	N/A
	N/A
	N/A

	35
	2
	16
	15
	6
	6
	N/A
	N/A

	36
	2
	8
	7
	6
	6
	N/A
	N/A

	37
	2
	4
	3
	6
	6
	N/A
	N/A

	38
	2
	2
	1
	6
	6
	N/A
	N/A

	39
	2
	2
	0
	6
	6
	N/A
	N/A

	40
	2
	2
	1
	1
	6
	N/A
	N/A

	41
	2
	2
	0
	1
	6
	N/A
	N/A

	42
	2
	1
	0
	6
	6
	N/A
	N/A

	43
	2
	1
	0
	1
	6
	N/A
	N/A

	45
	2
	1
	0
	1,6
	6
	N/A
	N/A

	46
	3
	16
	15
	9
	N/A
	N/A
	N/A

	47
	3
	8
	7
	9
	N/A
	N/A
	N/A

	48
	3
	4
	3
	9
	N/A
	N/A
	N/A

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

	50
	3
	2
	0
	9
	N/A
	N/A
	N/A

	51
	3
	2
	1
	4
	N/A
	N/A
	N/A

	52
	3
	2
	0
	4
	N/A
	N/A
	N/A

	53
	3
	1
	0
	9
	N/A
	N/A
	N/A

	54
	3
	1
	0
	4
	N/A
	N/A
	N/A

	55
	3
	1
	0
	7
	N/A
	N/A
	N/A

	56
	3
	1
	0
	4, 9
	N/A
	N/A
	N/A

	57
	3
	1
	0
	3, 8
	N/A
	N/A
	N/A

	58
	3
	1
	0
	2, 7
	N/A
	N/A
	N/A

	59
	3
	1
	0
	4,8,9
	N/A
	N/A
	N/A

	60
	3
	1
	0
	7,8,9
	N/A
	N/A
	N/A

	61
	3
	1
	0
	3,4,9
	N/A
	N/A
	N/A

	62
	3
	1
	0
	3,4,8,9
	N/A
	N/A
	N/A

	63
	3
	1
	0
	2,4,7,9
	N/A
	N/A
	N/A

	64
	3
	1
	0
	6,7,8,9
	N/A
	N/A
	N/A

	65
	3
	1
	0
	5,6,7,8,9
	N/A
	N/A
	N/A

	66
	3
	1
	0
	1,3,5,7,9
	N/A
	N/A
	N/A

	67
	3
	1
	0
	3,4,7,8,9
	N/A
	N/A
	N/A

	68
	3
	1
	0
	2,3,4,7,8,9
	N/A
	N/A
	N/A

	69
	3
	1
	0
	4,5,6,7,8,9
	N/A
	N/A
	N/A



Unpaired spectrum in FR1, short sequence
General comment regarding the RACH configuration tables for short formats, for the design we need to consider:
· Semi-static UL/DL configuration in RMSI and OSI
· Collision between RACH occasions and DL signals (SSB, RMSI, other DL)
· Size of the RACH configuration tables
· Number of formats for the short sequences
· Starting symbol number (e.g 0,2)
· As there are many formats (10) there can only be a limited set of configurations for each format. 
· Strive to use same subframe allocation for the different formats. 
· We need to consider a simple and robust approach for our design.

Several proposals for the RACH configuration for unpaired spectrum, FR1 and short sequence have been submitted. Based on those proposals the following offline proposal is made:

Offline proposal:
As a starting point, consider the following proposal for format A1/B1. We can first agree upon this format and after that make the rest of the formats. 
	PRACH
Configuration 
Index
	Preamble format
	

	Subframe number
	Starting symbol
	Number of PRACH slots within a subframe
	Number of PRACH occasions within a RACH slot

	
	
	

	

	
	
	
	

	
	A1/B1
	16
	1
	4
	2
	1
	6

	
	A1/B1
	16
	1
	4
	2
	2
	6

	
	A1/B1
	8
	1
	4
	2
	1
	6

	
	A1/B1
	8
	1
	4
	2
	2
	6

	
	A1/B1
	4
	1
	4
	2
	1
	6

	
	A1/B1
	4
	1
	4
	2
	2
	6

	
	A1/B1
	2
	1
	4
	2
	1
	6

	
	A1/B1
	2
	1
	4
	2
	2
	6

	
	A1/B1
	2
	1
	1
	2
	1
	6

	
	A1/B1
	2
	1
	9
	2
	1
	6

	
	A1/B1
	1
	0
	4
	2
	1
	6

	
	A1/B1
	1
	0
	4
	2
	2
	6

	
	A1/B1
	1
	0
	1
	2
	1
	6

	
	A1/B1
	1
	0
	9
	2
	1
	6

	
	A1/B1
	1
	0
	1,6
	2
	1
	6

	
	A1/B1
	1
	0
	2,7
	2
	1
	6

	
	A1/B1
	1
	0
	4,9
	2
	1
	6

	
	A1/B1
	1
	0
	1,2,4,6,7,9
	2
	2
	6





Paired spectrum in FR2
According to 38.101-2 the following bands are supported. Is there a need to specify a RACH configuration table for paired spectrum and FR2.
Table 5.2-1: NR operating bands in FR2
	NR Operating Band
	Uplink (UL) operating band
BS receive
UE transmit
	Downlink (DL) operating band
BS transmit 
UE receive
	Duplex Mode

	
	FUL_low   –  FUL_high
	FDL_low   –  FDL_high
	

	n257
	26500 MHz
	–
	29500 MHz 
	26500 MHz
	–
	29500 MHz 
	TDD

	n258
	24250 MHz
	–
	27500 MHz
	24250 MHz
	–
	27500 MHz
	TDD

	n260
	37000 MHz
	–
	40000 MHz
	37000 MHz
	–
	40000 MHz
	TDD



If there is a need, then the suggestion would be to reuse the configuration table for paired spectrum in FR1 for the short sequences. 
Unpaired spectrum in FR2
	PRACH
Configuration 
Index
	Preamble format
	

	Slot number
	Starting symbol
	Number of PRACH slots within a 0.25ms 
	Number of PRACH occasions within a RACH slot

	
	Ax,Bx,Cx
	X={1,2,4,8,16}
y will indicate which frame to use
	0-39
(indicates which slot number within a frame to use)
40 slots @SCS=60kHz
	
	1 or 2
	



· Semi-static UL/DL configuration in RMSI and OSI
· Collision between RACH occasions and DL signals (SSB, RMSI, other DL)
· Strive to use same subframe allocation for the different formats. 
· 10 preamble formats
· 5 different configuration periods
· For 10ms configuration period we will have 5~10 different configurations indicating the slot numbers
· For longer configuration period we can have a few (1 or 2)
· Starting symbol, a few values
· A few configurations with 1 or 2 PRACH slots within 0.25ms 
· Consider that some configurations shall avoid any possible SSB
· In total around 20-25 configurations / format (in total max 255 configurations)
· We need to consider a simple and robust approach for our design.


As a starting point we shall discuss the following RACH configuration table for unpaired spectrum in FR2.

	PRACH
Configuration 
Index
	Preamble format
	

	Subframe number
	Starting symbol
	Number of PRACH slots within a subframe
	Number of PRACH occasions within a RACH slot

	
	
	

	

	
	
	
	

	
	A1/B1
	16
	1
	9
	2
	1
	6

	
	A1/B1
	16
	1
	19
	2
	2
	6

	
	A1/B1
	8
	1
	9
	2
	1
	6

	
	A1/B1
	8
	1
	19
	2
	2
	6

	
	A1/B1
	4
	1
	9
	2
	1
	6

	
	A1/B1
	4
	1
	19
	2
	2
	6

	
	A1/B1
	2
	1
	9
	2
	1
	6

	
	A1/B1
	2
	1
	19
	2
	2
	6

	
	A1/B1
	1
	1
	1
	2
	1
	6

	
	A1/B1
	1
	1
	9
	2
	1
	6

	
	A1/B1
	1
	0
	19
	2
	1
	6

	
	A1/B1
	1
	0
	29
	2
	2
	6

	
	A1/B1
	1
	0
	39
	2
	1
	6

	
	A1/B1
	1
	0
	9,29
	2
	1
	6

	
	A1/B1
	1
	0
	19,39
	2
	1
	6

	
	A1/B1
	1
	0
	9,28,29
	2
	1
	6

	
	A1/B1
	1
	0
	19,38,39
	2
	1
	6

	
	A1/B1
	1
	0
	1,2,4,6,7,9
	2
	2
	6

	
	A1/B1
	1
	0
	8,18,28,38
	2
	1
	6

	
	A1/B1
	1
	0
	9,19,29,39
	2
	2
	6

	
	A1/B1
	1
	0
	35,36,37,38,39
	2
	1
	6

	
	A1/B1
	1
	0
	18,19,36,37,38,39
	2
	2
	6

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	



Smaller updates to 38.211
· Use LRA instead of NZC in 38.211 section 6.3.3.1 (Huawei)
· Removing “and frequency” in section 6.3.3.2 (Nokia)


Other key issues related to AI 7.1.4.1

	Company
	Comments

	
	



Current configuration table in 38.211
Table 6.3.3.2-2: Random access configurations for FR1 and paired spectrum.
	PRACH
Configuration 
Index
	Preamble format
	

	Subframe number
	Starting symbol
	Number of PRACH slots within a subframe
	Number of PRACH occasions within a RACH slot

	
	
	

	

	
	
	
	

	0
	0
	2
	1
	1
	-
	-
	-

	1
	0
	2
	1
	4
	-
	-
	-

	2
	0
	2
	1
	7
	-
	-
	-

	3
	0
	1
	0
	1
	-
	-
	-

	4
	0
	1
	0
	4
	-
	-
	-

	5
	0
	1
	0
	7
	-
	-
	-

	6
	0
	1
	0
	1,6
	-
	-
	-

	7
	0
	1
	0
	2,7
	-
	-
	-

	8
	0
	1
	0
	3,8
	-
	-
	-

	9
	0
	1
	0
	1,4,7
	-
	-
	-

	10
	0
	1
	0
	2,5,8
	-
	-
	-

	11
	0
	1
	0
	3, 6, 9
	-
	-
	-

	12
	0
	1
	0
	0,2,4,6,8
	-
	-
	-

	13
	0
	1
	0
	1,3,5,7,9
	-
	-
	-

	14
	0
	1
	0
	0,1,2,3,4,5,6,7,8,9
	-
	-
	-

	15
	0
	2
	1
	9
	-
	-
	-

	16
	1
	2
	1
	1
	-
	-
	-

	17
	1
	2
	1
	4
	-
	-
	-

	18
	1
	2
	1
	7
	-
	-
	-

	19
	1
	1
	0
	1
	-
	-
	-

	20
	1
	1
	0
	4
	-
	-
	-

	21
	1
	1
	0
	7
	-
	-
	-

	22
	1
	1
	0
	1,6
	-
	-
	-

	23
	1
	1
	0
	2,7
	-
	-
	-

	24
	1
	1
	0
	3,8
	-
	-
	-

	25
	1
	1
	0
	1,4,7
	-
	-
	-

	26
	1
	1
	0
	2,5,8
	-
	-
	-

	27
	1
	1
	0
	3,6,9
	-
	-
	-

	28
	1
	2
	1
	9
	-
	-
	-

	X
	3
	2
	1
	1
	-
	-
	-

	X+1
	3
	2
	1
	4
	-
	-
	-

	X+2
	3
	2
	1
	7
	-
	-
	-

	X+3
	3
	1
	0
	1
	-
	-
	-

	X+4
	3
	1
	0
	4
	-
	-
	-

	X+5
	3
	1
	0
	7
	-
	-
	-

	X+6
	3
	1
	0
	1,6
	-
	-
	-

	X+7
	3
	1
	0
	2,7
	-
	-
	-

	X+8
	3
	1
	0
	3,8
	-
	-
	-

	X+9
	3
	1
	0
	1,4,7
	-
	-
	-

	X+10
	3
	1
	0
	2,5,8
	-
	-
	-

	X+11
	3
	1
	0
	3, 6, 9
	-
	-
	-

	X+12
	3
	1
	0
	0,2,4,6,8
	-
	-
	-

	X+13
	3
	1
	0
	1,3,5,7,9
	-
	-
	-

	X+14
	3
	1
	0
	0,1,2,3,4,5,6,7,8,9
	-
	-
	-

	X+15
	3
	2
	1
	9
	-
	-
	-

	Y
	2
	4
	0
	1
	0
	-
	-

	Y+1
	2
	2
	0
	1
	0
	-
	-

	Y+2
	2
	2
	0
	5
	0
	-
	-

	Y+3
	2
	1
	0
	1
	0
	-
	-

	Y+4
	2
	1
	0
	5
	0
	-
	-
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Appendix
Summary of the proposals from the Tdocs [1 – 14]. Some of the long RACH configuration tables have been not been included to reduce the length of the document. 
	1
	R1-1800063
	On remaining details of RACH Preambles:
Proposal 1: A consistent notation based on  for preamble sequence length is used.
Proposal 2: With paired spectrum and SUL, NR adopts PRACH configuration in Appendix B for below 6GHz.
Proposal 3: With paired spectrum and SUL, NR adopts PRACH configuration in Appendix C for above 6GHz.
Proposal 4: NR defines the mapping from RACH resources to physical resource block. 
Proposal 5: NR supports the mapping from RACH resources to physical resource block with frequency hopping across PRACH configuration periods.
Proposal 6: gNB should configure the numerology and bandwidth for multiple initial active UL BWPs in RMSI. The UE can select one initial active UL BWP to perform random access.

	Huawei, HiSilicon

	2
	R1-1800083
	Remaining details of PRACH Resource Configuration:
Observation 1: It is better that each semi-static UL/DL configuration transmitted in the RMSI may have its separate RACH configuration table for unpaired spectrum .
Observation 2: We prefer that the semi-static UL/DL configuration can be transmitted in the RMSI but not in OSI for unpaired spectrum.
Proposal 1: The short sequence format for paired spectrum below 6GHz can reuse the same subframe number of long sequence format configuration.
Proposal 2: The short sequence format for paired spectrum above 6GHz can reuse the same time resources of long sequence format configuration.
Proposal 3: The constraints to design the RACH resources for unpaired spectrum should be agreed:
· RACH resources should be in the UL part or unknown part defined by the semi-static UL/DL configuration.
Proposal 4: Long preamble format should be supported in some semi-static UL/DL configurations for unpaired spectrum below 6GHz. 
Proposal 5: The starting symbol index can be 3,4,10 for different scenarios and UL/DL configurations besides 0,2. 
Proposal 6: The values of PRACH-FDM depend on the selected preamble sequence length and subcarrier spacing as well as on the maximum bandwidth of the initial active uplink bandwidth part. 
- PRACH-FDM={1,2,4,8} for 1.25 kHz long sequence and 15/60 kHz short sequence;
- PRACH-FDM={1,2,3,4} for 5 kHz long sequence and 30/120 kHz short sequence.
	ZTE, Sanechips

	3
	R1-1800164
	On PRACH formats:
Observation 1: Interference from neighbouring RACH occasions, if exists, could be negligible thanks to directivity of beamforming.
Observation 2: In Rel-15, a PRACH preamble format is either not supported or mandatory for all UEs.
Proposal 1: NR supports that PRACH preamble formats A1, A2, A3, and C0 with SCS=120kHz are mandatory for all UEs regardless of their capabilities.
Observation 3: One RACH slot (with 3 RACH occasions with A2/B2 preamble formats) per 10ms can handle the increase of PRACH loading from the factor that some low-end UEs are lack of beam correspondence.
Observation 4: For the new use cases for PRACH in NR or for other factors that are not considered in the above, the network can allocate more RACH time-frequency resources to accommodate the increased PRACH load.
Observation 5: There is hence no need for additional RACH capacity enhancement feature besides the allocation of RACH time-frequency resources.
Proposal 2: RACH capacity enhancement is not supported at least in Rel-15.
Proposal 3: The value range of the 2-bit RRC parameter prach-FDM is {1, 2, 4, 6}.
	MediaTek Inc.

	4
	R1-1800999
	Further details on NR RACH format:
Proposal 1: Confirm the following 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.
Proposal 2: For PRACH configuration methods with UL / DL semi-static configuration, design a minimum set of candidate patterns to cover all existing periods of semi-static UL/DL configuration.
Proposal 3: Add an additional starting PRACH OFDM symbol index 8 for the semi-static UL / DL configuration.
Proposal 4: Confirm the RACH configuration Table 2 for PRACH format 3 below 6GHz, and add entry index X+17 and X+18 for configuration period of 80ms and 160ms.
Proposal 5: Confirm the RACH configuration Table 3 for PRACH format 2 below 6GHz, and add entry index X+5 and X+6 for configuration period of 80ms and 160ms.
Proposal 6: Adopt new added entries for RACH configuration table for below 6GHz (format 0 and 1) in Table 4 for configuration period of 40ms, 80ms and 160ms.
Proposal 7: Use RACH configuration Table 5 for short PRACH formats for FDD.
Proposal 8: At least one RACH configuration ensures that one or more RACH occasions can be configured in each semi-static UL / DL period, and the time intervals between respective RACH occasions are as even as possible. 
Proposal 9: Design RACH occasion from the end to the front for each semi-static UL/DL period, and distributed evenly.
Proposal 10: For TDD in NR, there should be at least one RACH configuration that does not collide with SSB slots.
Proposal 11: Use RACH configuration Table 8 for long PRACH format 0~3 for TDD below 6GHz.
	CATT

	5
	R1-1800301
	NR PRACH formats:
In the above equation, k0 has to be defined to reflect the following agreement that we had in last RAN1 meeting and the “prach-frequency-start” which was agreed to be added in RRC. Therefore, it is proposed to clearly define k0 according to the current agreement along with the initial BWP configuration.

This contribution proposed possible PRACH configuration table for FR1/FR2 and paired/unpaired spectrums respectively. It is proposed to consider the entries in the Table2-5 in section 2 for drafting CRs on PRACH configuration table. 
	Intel Corporation

	6
	R1-1800354
	Discussion on PRACH preamble format details:
Staring OFDM symbols
Proposal 1: 
· Confirm the working assumption in case that the semi-static UL/DL configuration is in RMSI.
Observation 1: 
· When the number of available UL OFDM symbol in a slot is less than 12, PRACH can be transmitted at the 2nd half slot which is configured as UL transmission.
Proposal 2: 
· When the number of available UL OFDM symbol in a slot is less than 12, starting OFDM symbol in the slot is ‘7’.
· When the number of available UL OFDM symbol in a slot is less than 7, RACH transmission is not permitted in the slot.

Number of time domain RACH occasions within a RACH slot
Proposal 2: 
· For preamble format B1, A1/B1 and C0, The maximum number of time domain RACH occasions per slot is 6
· Confirm the working assumption for other formats.

Observation 2: 
· When starting OFDM symbol is configured as ‘0’, 12 OFDM symbols are used for PRACH transmission and remaining two OFDM symbols are used for other purpose (e.g. guard period, SRS transmission, PUCCH transmission, etc.).
· When starting OFDM symbol is configured as ‘2’, all of 12 OFDM symbols are used for PRACH transmission.
· When starting OFDM symbol is configured as ‘7’, 6 OFDM symbols are used for PRACH transmission remaining one OFDM symbol is used for other purpose (e.g. SRS transmission, PUCCH transmission, etc.).
Proposal 3: 
· When starting OFDM symbol is configured as ‘0’, RACH preamble formats of A1, A2, A3, B4, C0 and C4 are used. 
· When starting OFDM symbol is configured as ‘2’, RACH preamble formats of A1/B1, B1, A2/B2, A3/B3, B4, C0 and C4 are used.
· When starting OFDM symbol is configured as ‘7’, RACH preamble formats of A1, A3, C0 and C4 are used.

RACH configuration for FR1 and paired spectrum (Long sequence based preamble format)
Proposal 4: 
· For preamble format 0,1 and 3, following values are applied for PRACH configuration:
· x=16, y=1, subframe={{1},{4},{7},{9}}
· x=8, y=1, subframe={{1},{4},{7},{9}}
· x=4, y=1, subframe={{1},{4},{7},{9}}
· For preamble format 2, following values are applied for PRACH configuration:
· x=16, y=1, subframe={1}
· x=8, y=1, subframe={1}
· For PRACH configuration with density of less than 1, the UE may for handover purpose assume an absolute value of the relative time difference between radio frame i in the current cell and the target cell of less than 153600Ts.

RACH configuration for FR1 and paired spectrum (Short sequence based preamble format)
Observation 3: 
· In FDD case, PRACH preamble formats which can provide wider coverage (i.e. A1, A2, A3, B4, C0 and C2) are applied.
· In FDD case, PRACH preamble is transmitted from the first OFDM symbol.

Proposal 5: 
· PRACH preamble format A1, A2, A3, B4, C0 and C2 are used for FR1 and paired spectrum.
· Use one value of the starting OFDM symbol for paired spectrum.
· For format A1, A2, A3, B4, C0 and C2, starting OFDM symbol is always ‘0’
· Following values are applied for PRACH configuration:
· x=16, y=1, subframe={{1},{4},{7},{9}}
· x=8, y=1, subframe={{1},{4},{7},{9}}
· x=4, y=1, subframe={{1},{4},{7},{9}}
· x=2, y=1, subframe = {{1},{4},{7},{9}}
· x=1,y=1,subframe={{1},{4},{7},{1,6},{2,7},{3,8},{1,4,7},{2,5,8},{3,6,9},{0,2,4,6,8},{1,3,5,7,9},{0,1,2,3,4,5,6,7,8,9}, {9}}
· Number of PRACH occasions within a RACH slot
· A1: 6, A2: 3, A3: 2, B4: 1, C0: 6, C2: 3
· Number of PRACH slots within a subframe is 1.

RACH configuration for unpaired spectrum (PRACH preamble formats for unpaired spectrum)
Proposal 6: 
· All of PRACH preamble formats (i.e. A1, A1/B1, B1, A2, A2/B2, A3, A3/B3, B4, C0 and C2) are used for unpaired spectrum. 
· According to the starting OFDM symbol, the PRACH preamble format is determined. 
· When the starting OFDM symbol is ‘0’, PRACH preamble format A1, A2, A3, B4, C0 and C2 are applied.
· When the starting OFDM symbol is ‘2’, PRACH preamble format A1/B1, B1, A2/B2, A3/B3, B4, C0 and C2 are applied.
· When the number of available RACH OFDM symbol in a slot is less than 12, starting OFDM symbol is ‘7’. Also, PRACH preamble format A1, A3, C0 and C2 are applied.
· According to the staring OFDM symbol, the maximum number of PRACH occasions within a RACH slot is defined.
· When the starting OFDM symbols are ‘0’ and ‘2’,
· A1: 6, A1/B1: 6, B1, A2: 3, A2/B2, A3:2, A3/B3:2, B4: 1, C0: 6, C2: 3
· When the starting OFDM symbol is ‘7’,
· A1: 3, A3: 1, C0: 2, C2: 2
· For FR1, the number of PRACH slots within a subframe is 1. Also, for FR2, the number of PRACH slots within a slot is 1.

Observation 4: 
· PRACH occasion(s) are defined from the end of DL/UL configuration period because the UL slot(s) are located from the end of the period.


RACH configuration for unpaired spectrum (For FR1 case)
Observation 5: 
· Considering on the SS/PBCH block transmission and RMSI search window occasions, at most 6 subframes (i.e. index of 2, 3, 4, 7, 8 and 9) could be used as PRACH occasion.

Proposal 7: 
· In case of FR1, following values are applied for PRACH configuration:
· x=16, y=1, subframe={{3},{4},{8},{9}}
· x=8, y=1, subframe={{3},{4},{8},{9}}
· x=4, y=1, subframe={{3},{4},{8},{9}}
· x=2, y=1, subframe = {{3},{4},{8},{9}}
· x=1,y=1,subframe={{3},{4},{8},{9},{3,4},{8,9},{2,3,4},{7,8,9},{3,4,8,9},{5,6,7,8,9}.{4,5,6,7,8,9}}

RACH configuration for unpaired spectrum (For FR2 case)
Observation 6: 
· In case of 1.25ms period of cell specific DL/UL configuration, 8 slots (i.e. 4, 9, 14, 19, 24, 29, 34, 39) where the second part of RACH slot with 120kHz SCS can be used as PRACH occasion are available for RACH transmission.
· In case of 2.5ms period of cell specific DL/UL configuration, 8 slots (i.e. 8, 9, 18, 19, 28, 29, 38, 39) where the second part of RACH slot with 120kHz SCS can be used as PRACH occasion are available for RACH transmission.
· In case of 5ms period of cell specific DL/UL configuration, some slots at the end of the period (i.e. 16, 17, 18, 19, 36, 37, 38, 39) can be used as PRACH occasion.
· In case of 10ms period of cell specific DL/UL configuration, some slots at the end of the period (i.e. from 32 to 39).

Proposal 8: 
· In case of FR2, following values are applied for PRACH configuration:
· x=16, y=1, subframe={{9},{19},{29},{39}}
· x=8, y=1, subframe={{9},{19},{28},{39}}
· x=4, y=1, subframe={{9},{19},{28},{39}}
· x=2, y=1, subframe = {{9},{19},{29},{39}}
· x=1,y=1,subframe={{9},{19},{29},{39},{9,29},{19,39},{9,28,29},{19,38,39}, {8,18,28,38},{9,19,29,39},{35,36,37,38,39},{18,19,36,37,38,39}}

	LG Electronics

	7
	R1-1800417
	Corrections on PRACH Formats:
[bookmark: OLE_LINK1]Observation 1: To reduce the interference caused by downlink, it is better to determine the start time position from the end of uplink slot.
Proposal 1: At least some of the entries listed in Table II can be included in PRACH configuration for extreme cases in TDD.
Proposal 2: At least for unpaired spectrum, the start position of PRACH can be determined from the end of uplink slot.
Proposal 3: For baseband signal generation, the parameter  should be modified to . In Section 5.3 of 38.211[2], the following should be modified: 

The time-continuous signal  on antenna port  for PRACH is defined by




	Samsung

	8
	R1-1800541
	Discussion on PRACH configuration table:
Proposal 1: The following principle should be followed in designing PRACH configuration table for TDD.
Principle 1：For each semi-static UL/DL configuration periodicity, there is at least one PRACH configuration, ensuring PRACH occasion exists in every period. 
Principle 2：PRACH occasion should be designed to occupy the end of a semi-static UL/DL configuration period. 
Principle 3：For long sequence format, try to design PRACH configurations with the same density by different offset as LTE. FFS for short sequence.

Proposal 2:  For PRACH configuration pattern e5 in Fig.1(e), introduce starting symbol 7 in subframe 1 and 6 for preamble format 0/3.
Proposal 3: Consider the PRACH configuration pattern in Fig.5 for short sequence preamble formats for FR1.
Proposal 4: For short preamble formats, the following combination of starting symbols and number of consecutive RACH occasions are supported:
	Preamble Format
	Starting symbol
	Number of PRACH occasions within a RACH slot
	Preamble Format
	Starting symbol
	Number of PRACH occasions within a RACH slot

	B4
	0
	1
	C0
(B1)
	0
	7

	
	2
	1
	
	2
	6

	C2
	0
	2
	
	4
	5

	
	2
	2
	
	6
	4

	
	8
	1
	
	8
	3

	A3/B3
	0
	2
	
	10
	2

	
	2
	2
	
	12
	1

	A3
	0
	2
	A1/B1
	0
	7

	
	7
	1
	
	2
	6

	A2/B2
	0
	2
	
	4
	5

	
	2
	2
	
	6
	4

	
	6
	1
	
	8
	3

	A2
	0
	2
	
	10
	2

	
	5
	1
	A1
	0
	6

	
	9
	1
	
	3
	5

	
	
	
	
	5
	4

	
	
	
	
	7
	3

	
	
	
	
	9
	2

	
	
	
	
	11
	1



Proposal 5: Reserve some PRACH configuration indexes for concatenated DL-unknown-UL periodicities
Proposal 6: Considering the need of reserving indexes for more semi-static DL/UL configurations, and the use case for preamble format A needs more justification for FR1, consider not configuring preamble format A for FR1 in case of PRACH configuration indexes needed exceeds 256
	CMCC

	9
	R1-1800556
	Remaining details on PRACH formats:
Proposal 1: For short sequence in FR1, and with paired spectrum, the starting symbol index is always 0, the number of RACH occasions in a RACH slot is as shown in Table 1. RACH preamble transmissions are limited to subframes 2 and 7 or subframe 7.
Proposal 2: For short sequence in FR1, and with unpaired spectrum, the starting symbol index and the number of RACH occasions in a RACH slot are as shown in Table 4. If the SSB burst is transmitted in the first half of the radio frame, the RACH preamble transmissions are limited to subframes 5 and 7 or subframe 7. If the SSB burst is transmitted in the second half of the radio frame, the RACH preamble transmissions are limited to subframes 0 and 2, or subframe 2.
[bookmark: _Hlk503525001]Proposal 3: For short sequence in FR2, and with unpaired spectrum, the starting symbol index and the number of RACH occasions in a RACH slot are as shown in Table 4. If the SSB burst is transmitted in the first half of the radio frame, the RACH preamble transmissions are limited to 60 KHz slots in subframes 5, 7 and 9 or subframes 5 and 7, or subframe 7. If the SSB burst is transmitted in the second half of the radio frame, the RACH preamble transmissions are limited to 60 KHz slots in subframes 0, 2 and 4, or subframes 0 and 2, or subframe 2.
Proposal 4: For each long sequence preamble format, and for RACH configuration periods {40, 80, 160} ms, three PRACH configuration entries are added to the PRACH configuration tables of FR1. The three entries have a SFN mod Config. Period of 1, and subframe number of {1, 4, 7}.
Proposal 5: If a RACH occasion collides with an actually transmitted SSB or actually transmitted RMSI occasion, the RACH occasion is dropped and not counted with the RACH occasions. If a RACH occasion collides with a semi-statically configured DL symbol, the RACH occasion is not dropped, there will be no downlink transmission in that symbol.
The PRACHConfigurationIndex provides an index to the PRACH configuration table, which provides information on the PRACH preamble format and the time resources. It doesn’t provide any frequency resources. Hence, we propose the following change to the 38.211 [4].
-----------------------------------------------------------------start 38.211-----------------------------------------------------------------
[bookmark: _Toc500952679]6.3.3.2	Mapping to physical resources
<Omitted text that is not changed>
Random access preambles can only be transmitted in the time and frequency resources given by the higher-layer parameter PRACHConfigurationIndex according to Table 6.3.3.2-2 depends on FR1 or FR2 and the spectrum type as defined in [TS38.101]. For the purpose of slot numbering in the tables, the following subcarrier spacing shall be assumed:
-----------------------------------------------------------------end 38.211------------------------------------------------------------------
Proposal 6: Make updates to specification 38.211 per section 4.

	Nokia, Nokia Shanghai Bell
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	R1-1800653
	Remaining issues on PRACH formats:
Proposal 1: NR support at least 7 time domain RACH occasions within a RACH slot for C0 format.
Proposal 2: Different starting symbol index can be defined for different PRACH SCS in a RACH configuration index.
Proposal 3: NR supports RACH occasion pattern where RACH slot(s) is located at the last slot(s) within 5 and/or 10 ms DL/UL periodicity in RACH configuration table for below 6 GHz and TDD.
Proposal 4: NR supports following RACH configuration indices in RACH configuration table for below 6 GHz and TDD.
Proposal 5: NR supports following RACH configuration indices in RACH configuration table for below 6 GHz and TDD.
	PRACH Config. Index
	Preamble Format
	Config. period
	Slot number with 15 kHz SCS
	SFN mod Config. period
	Start symbol Index
	Number of RACH slots within a subframe
	Number of RACH occasions within a RACH slot

	X
	0
	1
	9
	0
	N/A
	N/A
	N/A

	X+1
	0
	1
	4, 9
	0
	N/A
	N/A
	N/A

	X+2
	0
	2
	9
	0
	N/A
	N/A
	N/A

	X+3
	0
	2
	4, 9
	0
	N/A
	N/A
	N/A

	X+4
	0
	4
	9
	0
	N/A
	N/A
	N/A

	X+5
	0
	4
	4, 9
	0
	N/A
	N/A
	N/A

	Y
	3
	1
	9
	0
	N/A
	N/A
	N/A

	Y+1
	3
	1
	4, 9
	0
	N/A
	N/A
	N/A

	Y+2
	3
	2
	9
	0
	N/A
	N/A
	N/A

	Y+3
	3
	2
	4, 9
	0
	N/A
	N/A
	N/A

	Y+4
	3
	4
	9
	0
	N/A
	N/A
	N/A

	Y+5
	3
	4
	4, 9
	0
	N/A
	N/A
	N/A



Proposal 6: NR supports following RACH configuration indices in RACH configuration table for above 6 GHz and TDD, which have the RACH occasion pattern where a RACH slot is located at the last UL slot per two DL/UL periodicity with 0.625 ms.
	PRACH Config. Index
	Preamble Format
	Config. period
	Slot number with 60 kHz SCS
	SFN mod Config. period
	Start symbol Index
	Number of RACH slots within a 60 kHz SCS slot
	Number of RACH occasions within a RACH slot

	X
	B1
	1
	4, 9, 14, 19, 24, 29, 34, 39
	0
	0
	1
	7

	X+1
	B1
	2
	4, 9, 14, 19, 24, 29, 34, 39
	0
	0
	1
	7

	X+2
	B1
	4
	4, 9, 14, 19, 24, 29, 34, 39
	0
	0
	1
	7

	Y
	C0
	1
	4, 9, 14, 19, 24, 29, 34, 39
	0
	0
	1
	7

	Y+1
	C0
	2
	4, 9, 14, 19, 24, 29, 34, 39
	0
	0
	1
	7

	Y+2
	C0
	4
	4, 9, 14, 19, 24, 29, 34, 39
	0
	0
	1
	7

	Z
	A1/B1
	1
	4, 9, 14, 19, 24, 29, 34, 39
	0
	0
	1
	7

	Z+1
	A1/B1
	2
	4, 9, 14, 19, 24, 29, 34, 39
	0
	0
	1
	7

	Z+2
	A1/B1
	4
	4, 9, 14, 19, 24, 29, 34, 39
	0
	0
	1
	7


Proposal 7: NR supports additional RACH configuration table with more than 8 bits size for non-standalone operation separately from the table for initial access.
	NTT DOCOMO, INC.
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	R1-1800727
	Physical channel design for 2-step RACH:
· Observation 1: Demodulation performance of PRACH-D is significantly impacted by a received signal timing offset, unless a long CP is appended.
· Proposal 1: In 2-step RACH, Msg1 data and a RACH preamble are transmitted on separate resources.
· Proposal 2: Consider UE’s selection of RACH procedures (i.e. 2-step or 4-step) based on a radio condition, e.g. RSRP.
· Proposal 3: Consider adopting a longer CP for DM RS of PRACH-D to avoid ICI and to maintain orthogonality among multiplexed orthogonal DM RS.  

	Motorola Mobility, Lenovo
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	R1-1800850
	Remaining details on PRACH formats:
Observation 1: The higher the number of RACH occasions in a slot, the more the opportunity for format A and format A/B; which leads to a higher cell radius than format B.
Observation 2: Even if proposal 3 is not feasible, in over-6 GHz band, network can ensure at least 75% DL portion within a semi-static DL/UL pattern of 500 us periodicity while allowing for a full RACH slot (meaning 12 consecutive symbols) and obtain the benefits from higher cell radius. 
· gNB has the flexibility to support higher than 75% DL portion with longer semi-static DL/UL pattern periodicity. 

Observation 3: If proposal 3 is not feasible, in sub-6 GHz band, network cannot ensure a reasonable amount of DL portion within the semi-static DL/UL pattern period of 500 us while allowing for 12 symbols of consecutive RACH resources.

Proposal 1: NR supports six occasions for PRACH format C0 in a slot. 
Proposal 2: NR supports as many PRACH occasions with short PRACH preamble formats in a slot as possible to enable higher number of occasions for format A and A/B and to support higher cell radius.
Proposal 3: NR considers over-writing the semi-static DL/UL pattern based on RACH configuration. 
· If a RACH occasion falls in a DL portion of semi-static DL/UL pattern, the RACH occasion overwrites that particular DL portion, i.e., UE assumes that portion to be UL.
· In this scenario, introducing start symbol(s) larger than 2 is not needed.

Proposal 4: NR does not introduce start symbol(s) larger than 2 in the RACH configuration table in over-6 GHz.
Proposal 5: If proposal 3 is not feasible, NR introduces start symbol(s) larger than 2 for a limited number of entries in the RACH configuration table in sub-6 GHz.
Proposal 6: Different entries of NR-PRACH configuration table should consider currently agreed semi-static DL/UL pattern periodicities and place RACH occasions towards the end of the period in different patterns.
	Qualcomm Incorporated
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	R1-1800897
	Remaining details on RACH formats and configurations:
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.

	Ericsson
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