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Background

[bookmark: _Toc492918225]This document summarizes the submitted contributions for RAN1#92 for AI 7.1.1.4.1, "Remaining details on PRACH formats".
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: Handling of Semi-static UL/DL configuration in RMSI or OSI and collision between RACH occasion and DL part
· OFDM symbol generation: 
· Adding UL-BWP
· Define l 
· Remaining details on RACH configuration tables
· WA: Paired spectrum, FR1, format 0-3, 
· Paired spectrum, FR1, format Ax/Bx potentially remove one entry
· WA: 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
· Other key issues (single company proposals)
· NR supports frequency hopping
· Remove one bit in RMSI
· No SRS transmission if there is an overlap with RACH occasion
· Changing the CP for format 2
· Formats for SCS = 120kHz
· Introducing larger RACH configuration table for non-standalone operation.

Key issues
Handling of Semi-static UL/DL configuration in RMSI or OSI and collision between RACH occasion and DL part
In RAN1 AH_1801 we discussed the following revision based on the WA made in RAN1#91:
	Working assumption (from RAN1#91 with update from RAN1 AH_1801):
· 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.





Based on the submitted contributions to this meeting we can make the following observations:

	Company
	The UE should only be allowed to transmit PRACH preambles at time instances (OFDM symbols) not indicated as used for actually transmitted SS blocks
	In order to keep RMSI signaling to a minimum, it should be up to the network to avoid collisions between RACH and any other transmissions besides SS blocks.
	The PRACH resources configured in RMSI are also allowed to be transmitted in the flexible part configured by UL-DL-configuration-common without collision with SS/PBCH block.
	NR considers over-writing the semi-static DL/UL pattern based on RACH configuration

	Ericsson
	X
	X
	
	

	Samsung
	X
	X
	
	

	Intel
	X
	X
	
	

	InterDigital
	X
	X
	
	

	ZTE
	X
	
	X
	

	Huawei
	X
	
	X
	

	Nokia
	X
	
	X
	

	Qualcomm
	X (?)
	
	X(?)
	X




Based on the above observations we can make the following proposals:

Proposal:
The UE should only be allowed to transmit PRACH preambles at time instances (OFDM symbols) not indicated as used for actually transmitted SS blocks

[Qualcomm] If RACH resources occupy a slot that contains two SSBs but just avoid the locations of the SSBs, there might be multiple switching points within the slot. Hence, if any PRACH occasion collides with an SSB, the RACH slot that contains the corresponding PRACH occasion is not used.


Proposal:
Alt1: Confirm the WA

Alt2: 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.

Alt3: The PRACH resources configured in RMSI are also allowed to be transmitted in the flexible part configured by UL-DL-configuration-common without collision with SS/PBCH block.

[Qualcomm] We can support alternative 3. However, according to our view, if RACH resources fall in flexible parts configured by UL-DL-configuration-common, UE is not expected to received DL signal in those parts. This should be ensured by the spec.

[Nokia]: I agree with Qualcomm’s view that we don’t want multiple UL/DL switch points in one slot. Maybe, we can say that any RO that overlaps with or occurs before the last SSB of a slot is considered in valid. In this case only ROs after the last SSB in a slot can be used for RACH.
One question that is still open, if we different slot duration for UL and DL, are we referring to UL slot or DL slot?


[HW]: Alt2 is not clear for the “other transmission”. Does it mean “other DL transmission”? Or it also includes the SRS transmission ? Furthermore, Alt2 and Alt3 seems not contradict with each other and both can be supported in the spec. Therefore, one possible way may be to separate the discussion:

[Nokia]: I agree with Huawei’s comment. There is some ambiguity in Alt2. It is not clear if RACH is allowed to be transmitted in semi-static DL symbol, and the network will make sure that there are no DL transmissions in that symbol, or if the network will guarantee that ROs don’t occur in DL symbols besides the SSB symbols. 


[HW]
Collision with SSB:
· Alt1: It should be up to the network to avoid collisions between RACH and SSB for unpaired spectrum.
· Support: [Ericsson], [Samsung], [InteDigital]
· Alt 2: NR supports that gNB configures a PRACH configuration such that some ROs may collide with SSB for unpaired spectrum.
· Alt 2-1: Any colliding RO is not valid.
· Support: [ZTE], [Nokia]
· Alt 2-2: If any symbol of RO collides with DL transmission, then the corresponding slot is not used as a RACH slot but used for downlink
· Support: [Intel]
Huawei prefers Alt2.

Collision with DL part:
· Alt1: It should be up to the network to avoid collisions between RACH and DL part configured by UL-DL-configuration-common for unpaired spectrum.
· Support: [Ericsson], [Samsung], [InteDigital]
· Alt 2: NR supports that gNB configures a PRACH configuration such that some ROs may collide with DL part configured by UL-DL-configuration-common for unpaired spectrum.
· Alt 2-1: Any colliding RO is not valid.
· Support: [ZTE], [Nokia]
· Alt 2-2: If any symbol of RO collides with DL transmission, then the corresponding slot is not used as a RACH slot but used for downlink
· Support: [Intel]
· [bookmark: _GoBack]Alt 2-3: If a RO falls in a DL portion of semi-static DL/UL pattern, the RO overwrites that particular DL portion, i.e., UE assumes that portion to be UL.
· Support: [QC]
Huawei prefers Alt2.

[Nokia] see comment above to Qualcomm’s comment.

Collision with the flexible part
· Alt1: The PRACH resources configured in RMSI are allowed to be transmitted in the flexible part configured by UL-DL-configuration-common for unpaired spectrum
· Support: [ZTE], [Samsung], [Nokia]
· Alt2: The PRACH resources configured in RMSI are NOT allowed to be transmitted in the flexible part configured by UL-DL-configuration-common for unpaired spectrum
· Alt 2-1: It is up to gNB to avoid the collision
· Alt 2-2: The collided RO are invalid
· Alt 2-3: The whole RACH slot is invalid if there is collided RO within the RACH slot.
Huawei prefers Alt1.

Note that: all the supporting companies are my understanding and for the easy reference. Correcting me if I’m wrong.
[ZTE] One of the alternatives above is “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.”
It seems that neither alternative impact the RMSI signaling, since both DL/UL assignment and PRACH configuration is included in the RMSI. The difference seems to be that one alternative implements a priority rule in the specification. 
We prefer to specify such a simple priority rule, in order to allow a wider range of possible RACH configurations for different semi-static DL/UL assignments.


For reference, company’s proposals:

Ericsson
· Proposal 5	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 6	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.

Huawei
Proposal 4: The PRACH resources configured in RMSI are also allowed to be transmitted in the flexible part configured by UL-DL-configuration-common without collision with SS/PBCH block.
ZTE
Proposal 1: NR supports that the gNB configures a PRACH configuration and a semi-static DL/UL configuration in RMSI such that some PRACH occasions may collide with DL parts and/or unknown parts.
Proposal 2: If the semi-static UL/DL pattern is configured in RMSI, only PRACH occasions completely within the UL (U) and/or flexible/unknown (X) parts are valid.
·  Any PRACH occasions colliding with an actually transmitted SSB (in U or X) is not valid.
The association between SSBs and PRACH occasions is based only on the valid PRACH occasions.
Samsung
Proposal 4: confirm the workingb assumption with the update of “only PRACH occasions within the UL part is transmitted”.
Nokia
Proposal 7: If For the Semi-static UL/DL configuration is in RMSI, only PRACH occasions within the UL and flexible part is are transmitted valid
· 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.

Intel
Proposal 2:
· If any symbol of RACH ocassions collides with DL signals, then the corresponding slot is not used as a RACH slot but used for downlink.
InterDigital
Proposal 1: gNB configures PRACH resources to avoid the collision with actually transmitted SSBs.
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.




OFDM symbol generation
Definition of the starting time of the preamble within a subframe/slot
In 38.211, section 5.3.2 the spec editor has one comment regarding the definition of the index l in the start time of the preamble. The value of l shall represent the starting time within a slot in terms of OFDM symbols. This value is indicated in the RACH configuration tables by the parameter Starting Symbol. In the AH_1801 we agreed to introduce starting symbol 7 for PRACH format with SCS = 1.25 and 5kHz, this means that we need to make some updates to the current spec text. 
We need to consider the following parameters from the RACH configuration tables:
· Starting Symbol: This will indicate the number of OFDM symbols within a subframe (SCS up to 30kHz) and within a 0.25ms slot for SCS 60 and 120kHz. 
· When SCS = 1.25 or 5kHz then the number (end length) of OFDM symbols is given by SCS 15kHz
· Number of RACH slots within one subframe/0.25ms slot
· In the case when SCS = 1.25, 5 and 15 and 60 kHz there is always only one RACH slot within one subframe/0.25ms. For those cases there is no need to add any extra offset
· In the case when SCS = 30 or 120kHz, then there can be one or two RACH slots within one subframe/0.25ms. For those cases we also need to consider which of the slots that the preamble is transmitted in:
· In the case with 1 RACH slot within one subframe/0.25ms then the preamble is transmitted in the second half of the subframe/0.25ms. For this case we need to add an extra offset of 14 OFDM symbols (given by SCS = 30 or 120 kHz). 
· In the case with 2 RACh slots within one subframe/0.25ms then we need to add an extra offset of 14 OFDM symbols (given by SCS = 30 or 120 kHz) for the preamble that is transmitted in the second half of the subframe/0.25ms

Illustration of the case with SCS = 30kHz, and Number of RACH slots within one subframe = 1
[image: ]


Illustration of the case with:
· SCS = 120kHz
· Number of RACH slots within one subframe = 2
· Starting Symbol = 2
· RO length = 6 OFDM symbols (e.g format C2)

[image: ]
=========== Current wording in 38.211, section 5.3 ===========================


The starting position of the PRACH preamble in a subframe is given by  assuming the subframe starts at  where 


-	for , 



-	for ,  for some .

Draft proposal for discussion:
For we only need to consider the Starting symbol: 
· for kHz, where l is given by the parameter Starting Symbol in tables 6.3.3.2-2 and 6.3.3.2-3

For kHz we need to consider the Number of RACH slots within one subframe and the Starting Symbol
· For kHz and when the parameter Number of RACH slots within one subframe = 1, then
 where and l is given by the parameter Starting Symbol in tables 6.3.3.2-2 and 6.3.3.2-3 

· For kHz and when the parameter Number of RACH slots within one subframe = 2, then
 for the first RACH slot within one subframe. Where l is given by the parameter Starting Symbol in tables 6.3.3.2-2 and 6.3.3.2-3 

· For 30kHz case and when the parameter Number of RACH slots within one subframe = 2, then
 for the second RACH slot within one subframe, where  and l is given by the parameter Starting Symbol in tables 6.3.3.2-2 and 6.3.3.2-3 

For kHz we need to consider the Number of RACH slots within one 0.25ms slot, the Starting Symbol and the PRACH transmission occasion within one 0.25ms slot.
· For kHz and when the parameter Number of RACH slots within one 0.25ms slot = 1, then
  where and l is given by the parameter Starting Symbol in tables 6.3.3.2-x and 6.3.3.2-x and the PRACH transmission occasion within the 0.25ms slot

· For kHz and when the parameter Number of RACH slots within one 0.25ms slot = 2, then
 for the first RACH slot within one 0.25ms slot. Where l is given by the parameter Starting Symbol in tables 6.3.3.2-x and 6.3.3.2-x and the PRACH transmission occasion within the 0.25ms slot 

· For kHz and when the parameter Number of RACH slots within one 0.25ms slot = 2, then
  for the second RACH slot within one 0.25ms slot, where and l is given by the parameter Starting Symbol in tables 6.3.3.2-x and 6.3.3.2-x and the PRACH transmission occasion within the 0.25ms slot

Adding UL-BWP in the description of the OFDM signal generation
In R1-1801711 a text proposal regarding a correction to the OFDM signal generation have been proposed. 
 

In RAN1#AH 201801, OFDM baseband signal generation for PRACH was modified to take into consideration of initial active UL BWP’s(s) frequency position and relative frequency offset of Msg1 within initial active UL BWP [3]. However, PRACH frequency position within active UL BWP has not been considered.
In TS 38.321, RACH resources can be configured in active UL BWP and initial active UL BWP, which is given in the following.
Upon initiation of the Random Access procedure, the MAC entity shall:
1>	if PRACH resources are configured for the active UL BWP:
2>	perform the Random Access procedure on the active DL BWP and UL BWP;
1>	else (i.e. PRACH resources are not configured for the active UL BWP):
2>	switch to initial DL BWP and UL BWP;
2>	perform the Random Access procedure on the initial DL BWP and UL BWP.
Therefore, RACH resources in active UL BWP should also be included in OFDM baseband signal generation for PRACH.
Furthermore, the parameter initial-Uplink-Bandwidth-Part is called initial-UL-BWP in the CR endorsed in RAN1#AH1801 [4], which should be used in TS 38.211 accordingly. 
Proposal 1: Adopt the following TP to Section 5.3.2 of 38.211:
------------------------------start of TP to Section 5.3.2 of 38.211--------------------------------



where  and 

-	 is given by clause 6.3.3;

-	 is the subcarrier spacing of the initial active uplink bandwidth part or active uplink BWP;



-	 is obtained from the higher-layer parameter k0 and is such that the lowest numbered subcarrier in a common resource block for subcarrier spacing configuration  coincides with the lowest numbered subcarrier in a common resource block for any subcarrier spacing configuration less than ; 

-	 is the lowest numbered resource block of the initial active uplink bandwidth part or active uplink BWP based on common resource block indexing and is derived by the higher-layer parameter initial-Uplink-Bandwidth-Part initial-UL-BWP or UL-BWP; 

-	 is the frequency offset of lowest PRACH transmission occasion in frequency domain with respect to PRB 0 of the initial active uplink bandwidth part or active uplink BWP given by the higher-layer parameter prach-frequency-start or PRACH-config-dedicated;

-	  is the PRACH transmission occasion index in frequency domain for a given PRACH transmission occasion in one time instance as given by clause 6.3.3.2; 

-	  is the number of resource blocks occupied and is given by the parameter allocation expressed in number of RBs for PUSCH in Table 6.3.3.2-1.
------------------------------end of TP to Section 5.3.2 of 38.211--------------------------------

In clause 6.3.3.2 in 38.211 we also need to add the active uplink BWP.

------------------------------start of TP to Section 6.3.3.2 of 38.211--------------------------------
The preamble sequence shall be mapped to physical resources according to





where   is an amplitude scaling factor in order to conform to the transmit power specified in [5, TS38.213], and  is the antenna port. Baseband signal generation shall be done according to clause 5.3 using the parameters in Table 6.3.3.1-1 or Table 6.3.3.1-2 with  given by Table 6.3.3.2-1.
Random access preambles can only be transmitted in the time 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]. 

Random access preambles can only be transmitted in the frequency resources given by parameter prach-FDM. The PRACH frequency resources  are numbered in increasing order from 0 to prach-FDM -1 within the initial active uplink bandwidth part or active uplink BWP, starting from the lowest frequency
For the purpose of slot numbering in the tables, the following subcarrier spacing shall be assumed:

-	 for PRACH preamble formats 0 – 3


-	for PRACH preamble formats A1, A2, A3, B1, B2, B3, B4, C0, C2 where  is the configured PRACH subcarrier spacing.
------------------------------end of TP to Section 6.3.3.2 of 38.211--------------------------------

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. 
In RAN1#91 and AH-1801 we have 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 {0,7} 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. 
Table for paired spectrum and FR1, long sequence
In RAN1 AH_1801 we made a working assumption on the RACH configurations for paired spectrum, FR1 and long sequence. One company propose to remove some entries for format 1, the configurations that have subframe index larger than 7. 
Proposal
· Alt1: Confirm the WA with no changes, configuration indices 0 to 86 in Table 6.3.3.2-2 are unchanged.
· Alt2: In Table 6.3.3.2-2, remove the entries for format 1 having a subframe number larger than 7. Confirm the working assumption with the below changes.

Table 6.3.3.2-2: Random access configurations for FR1 and paired spectrum/supplementary uplink (updates to format 1).
	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

	
	
	

	

	
	
	
	

	
	1
	16
	1
	1
	-
	-
	-

	
	1
	16
	1
	4
	-
	-
	-

	
	1
	16
	1
	7
	-
	-
	-

	Delete entry
	1
	16
	1
	9
	-
	-
	-

	
	1
	8
	1
	1
	-
	-
	-

	
	1
	8
	1
	4
	-
	-
	-

	
	1
	8
	1
	7
	-
	-
	-

	Delete entry
	1
	8
	1
	9
	-
	-
	-

	
	1
	4
	1
	1
	-
	-
	-

	
	1
	4
	1
	4
	-
	-
	-

	
	1
	4
	1
	7
	-
	-
	-

	Delete entry
	1
	4
	1
	9
	-
	-
	-

	
	1
	2
	1
	1
	-
	-
	-

	
	1
	2
	1
	4
	-
	-
	-

	
	1
	2
	1
	7
	-
	-
	-

	Delete entry
	1
	2
	1
	9
	-
	-
	-

	
	1
	1
	0
	1
	-
	-
	-

	
	1
	1
	0
	4
	-
	-
	-

	
	1
	1
	0
	7
	-
	-
	-

	
	1
	1
	0
	1,6
	-
	-
	-

	
	1
	1
	0
	2,7
	-
	-
	-

	Updated entry
	1
	1
	0
	3,8
	-
	-
	-

	
	1
	1
	0
	1,4,7
	-
	-
	-

	Updated entry
	1
	1
	0
	2,5,8
	-
	-
	-

	Updated entry
	1
	1
	0
	3,6,9
	-
	-
	-


Note: The spec editor to make the numbering of the RACH configurations. 
Table for paired spectrum and FR1, short sequence
Depending on the agreements on the long sequences for FR1 and paired spectrum we may or may not need to remove one entry:
Alt1: In TS38.211, in Table 6.3.3.2-2 remove entry number 117 (preamble format A1/B1 with periodicity 10 ms, and in all subframes).

	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

	117
	A1/B1
	1
	0
	0,1,2,3,4,5,6,7,8,9
	0
	2
	7



Alt2: One option is to reduce some entries which may have PRACH similar configuration. Remove one of 105 or 107. 
	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

	105
	A1
	1
	0
	0,2,4,6,8
	0
	2
	6

	107
	A1
	1
	0
	1,3,5,7,9
	0
	2
	6



[Nokia]: If we remove some long sequence entries, wouldn’t this be enough to get to or below 256.
Editors reply: Yes, if we agree to remove long entries then we do not need to remove any short entries.
Unpaired spectrum and FR1 (TDD below 6GHz), long sequences
· Alt1: Confirm the WA.
· Alt2: Reduce the number of configurations for the long sequence based formats to 54. 
· x=1,y=0,subframe={{3},{4},{8},{9},{1,6},{4,9},{3,4},{8,9},{3,4,9},{4,8,9},{7,8,9}, {1,4,6,9},{3,4,8,9},{1,3,5,7,9}}

Current Agreements:
· To adopt the following TP to section 6.3.3.2 of 38.211
· The ones in red color are working assumption

------------- text proposal, 38.211 section 6.3.3.2 -----------------------------------------------
· 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 time  domain PRACH occasions within a RACH slot

	
	
	

	

	
	
	
	

	0
	0
	16
	1
	9
	0
	-
	-

	
	0
	8
	1
	9
	0
	-
	-

	
	0
	4
	1
	9
	0
	-
	-

	
	0
	2
	0
	9
	0
	-
	-

	
	0
	2
	1
	9
	0
	-
	-

	
	0
	2
	0
	4
	0
	-
	-

	
	0
	2
	1
	4
	0
	-
	-

	
	0
	1
	0
	9
	0
	-
	-

	
	0
	1
	0
	8
	0
	-
	-

	
	0
	1
	0
	7
	0
	-
	-

	10
	0
	1
	0
	6
	0
	-
	-

	
	0
	1
	0
	5
	0
	-
	-

	
	0
	1
	0
	4
	0
	-
	-

	
	0
	1
	0
	3
	0
	-
	-

	
	0
	1
	0
	2
	0
	-
	-

	
	0
	1
	0
	1
	0
	-
	-

	
	0
	1
	0
	4,9
	0
	-
	-

	
	0
	1
	0
	3,8
	0
	-
	-

	
	0
	1
	0
	2,7
	0
	-
	-

	
	0
	1
	0
	8,9
	0
	-
	-

	20
	0
	1
	0
	4,8,9
	0
	-
	-

	
	0
	1
	0
	3,4,9
	0
	-
	-

	
	0
	1
	0
	3,4,8
	0
	-
	-

	
	0
	1
	0
	7,8,9
	0
	-
	-

	
	0
	1
	0
	3,4,8,9
	0
	-
	-

	
	0
	1
	0
	6,7,8,9
	0
	-
	-

	
	0
	1
	0
	1,4,6,9
	0
	-
	-

	
	0
	1
	0
	1,6
	0
	
	

	
	0
	1
	0
	1,6
	7
	-
	-

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

	30
	1
	16
	1
	7
	0
	-
	-

	
	1
	8
	1
	7
	0
	-
	-

	
	1
	4
	1
	7
	0
	-
	-

	
	1
	2
	0
	7
	0
	-
	-

	
	1
	2
	1
	7
	0
	-
	-

	
	1
	1
	0
	7
	0
	-
	-

	
	2
	16
	1
	6
	0
	-
	-

	
	2
	8
	1
	6
	0
	-
	-

	
	2
	4
	1
	6
	0
	-
	-

	
	2
	2
	0
	6
	7
	-
	-

	40
	2
	2
	1
	6
	7
	-
	-

	
	2
	1
	0
	6
	7
	-
	-

	
	3
	16
	1
	9
	0
	-
	-

	
	3
	8
	1
	9
	0
	-
	-

	
	3
	4
	1
	9
	0
	-
	-

	
	3
	2
	0
	9
	0
	-
	-

	
	3
	2
	1
	9
	0
	-
	-

	
	3
	2
	0
	4
	0
	-
	-

	
	3
	2
	1
	4
	0
	-
	-

	
	3
	1
	0
	9
	0
	-
	-

	50
	3
	1
	0
	8
	0
	-
	-

	
	3
	1
	0
	7
	0
	-
	-

	
	3
	1
	0
	6
	0
	-
	-

	
	3
	1
	0
	5
	0
	-
	-

	
	3
	1
	0
	4
	0
	-
	-

	
	3
	1
	0
	3
	0
	-
	-

	
	3
	1
	0
	2
	0
	-
	-

	
	3
	1
	0
	1
	0
	-
	-

	
	3
	1
	0
	1,6
	0
	-
	-

	
	3
	1
	0
	1,6
	7
	-
	-

	60
	3
	1
	0
	4,9
	0
	-
	-

	
	3
	1
	0
	3,8
	0
	-
	-

	
	3
	1
	0
	2,7
	0
	-
	-

	
	3
	1
	0
	8,9
	0
	-
	-

	
	3
	1
	0
	4,8,9
	0
	-
	-

	
	3
	1
	0
	3,4,9
	0
	-
	-

	
	3
	1
	0
	7,8,9
	0
	-
	-

	
	3
	1
	0
	3,4,8,9
	0
	-
	-

	
	3
	1
	0
	6,7,8,9
	0
	-
	-

	
	3
	1
	0
	1,4,6,9
	0
	-
	-

	70
	3
	1
	0
	1,3,5,7,9
	0
	-
	-




Unpaired spectrum in FR1, short sequence
Based on the agreements made in RAN1_AH-1801 and the submitted contributions to RAN1#92, we can make the following proposals to guide the design of the RACH configuration table for unpaired spectrum in FR1 and short sequences. (The total number of configurations will depend on the agreements for the long sequences).
Proposals:
For RACH configuration for FR1, short sequence and unpaired spectrum:
· More priority to Ax and Bx formats compared to Ax/Bx
· Aim for the following number of configurations for the different formats (in total we will at least have 256-71 = 185 configurations)
· A1: 20
· A2: 20
· A3: 20
· B1: 20
· B4: 20
· A1/B1: 15
· A2/B2: 15
· A3/B3: 15
· C0: 20
· C2: 20

· Regarding the number of RACH occasions within one RACH configuration period.
· FDM is used to achieve 8 RACH occasions within one RACH configuration period
· In addition, for preamble formats A1, A2 and for periodicities 80ms, 160ms at least one configuration supports 8 RACH occasions. 
· Note: This can be done by either have more subframes allocated or to have more frames allocated

Proposals:
· Support at most one additional Starting Symbol for each format, on top of the already agreed values of 0 and 2. 
· A1: [10]
· A2: [6]
· A3: [6]
· B1: [12]
· B4: None
· A1/B1: [10]
· A2/B2: [6]
· A3/B3: None
· C0: [12]
· C2: [8]

[Huawei]: 
· A2 covers 4 OFDM symbol. The motivation to have starting symbol 6 is to have 2 A2 in one slot? Yet in such case this is no guard band at the end of the slot. We prefer larger than 6, e.g., 7.
· 7 is better than 6, 1): it is at the 2nd data slot if the data SCS is larger than the RACH SCS as we explained in our Tdoc. 2) They both can only have 1 A3 in one slot.

[Nokia]: 
· Do we want to keep one symbol gap at the end of format A1/A2/A3. In this case, these formats should start with an Odd symbol
· With A1=10, we can only fit one RO, and have a two-symbol gap. With A2=6, we can only fit one RO with a 2 symbol.
· Should we consider other values such A1: 3 or 5, A2: 5, A3: 7, …


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 (only format A1 as a starting point, the rest of the formats could reuse the subframe allocation):
Table 6.3.3.2-3: Random access configurations for FR1 and unpaired spectrum (short sequence)
	PRACH configuration index
	Preamble format
	[image: ]

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

	0
	A1
	1
	0
	9
	0
	2
	6

	 
	A1
	1
	0
	9
	10
	2
	1

	 
	A1
	1
	0
	9
	0
	1
	6

	 
	A1
	1
	0
	9
	10
	1
	1

	 
	A1
	1
	0
	4,9
	0
	1
	6

	 
	A1
	1
	0
	7,9
	10
	1
	1

	 
	A1
	1
	0
	3,4,8,9
	0
	1
	6

	 
	A1
	1
	0
	3,4,8,9
	0
	2
	6

	 
	A1
	1
	0
	2,3,4,7,8,9
	10
	1
	1

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

	10
	A1
	1
	0
	1,2,3,4,5,6,7,8,9
	0
	2
	6

	 
	A1
	2
	[1]
	9
	0
	1
	6

	 
	A1
	2
	[1]
	4,9
	0
	1
	6

	
	A1
	2
	[1]
	4,9
	10
	1
	1

	 
	A1
	2
	[1]
	7,9
	0
	1
	6

	 
	A1
	2
	[1]
	7,9
	10
	1
	1

	 
	A1
	2
	[1]
	2,3,4,7,8,9
	10
	1
	1

	 
	A1
	4
	[1]
	9
	0
	1
	6

	 
	A1
	8
	[1]
	9
	0
	1
	6

	19
	A1
	16
	[1]
	9
	0
	1
	6


[Nokia]: Many companies proposed having y=1 when x >= 2, this will avoid the frame that has the SSB
[Nokia]: Is it efficient to have configuration 1,2,3,4,5,6,7,8,9. This only leaves subframe 0 for the RAR, in case of 15 KHz, and when the number of slots per subframe is 2. Maybe we should have configuration 1,3,5,7,9 instead. This can also be used with a 2ms UL-DL configuration period
[ZTE]: {1,3,5,7,9} should be considered to be used for 2ms UL-DL configuration period.

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 unpaired spectrum in FR2 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
	0,2,TBD
	1 or 2
	Depends on format and starting symbol



Proposals:
For RACH configuration for FR1, short sequence and unpaired spectrum:
· More priority to Ax and Bx formats compared to Ax/Bx
· Aim for the following number of configurations for the different formats 
· A1: 28
· A2: 28
· A3: 28
· B1: 28
· B4: 28
· A1/B1: 20
· A2/B2: 20
· A3/B3: 20
· C0: 28
· C2: 28

· Regarding the number of RACH occasions within one RACH configuration period.
· FDM is used to achieve 64 RACH occasions within one RACH configuration period
· In addition, for preamble formats A1, A2 and for periodicities 80ms, 160ms at least one configuration supports 8 RACH occasions. 
· Note: This can be done by either have more subframes allocated or to have more frames allocated

Proposals:
· For SFN and slot index, discuss following proposal:
· SFN of RO depends on the RMSI CORESET group offset X (X=0ms for RMSI pattern 2/3): 
· If X>=5ms, SFN mod Configuration Period = 0, 
· If X<5ms, SFN mod Configuration Period =1.
· Slot index of RACH occasion is function of whether odd or even SFN.

Proposals:
· Support at most one additional Starting Symbol for each format, on top of the already agreed values of 0 and 2. 
· A1: [10]
· A2: [6]
· A3: [6]
· B1: [12]
· B4: None
· A1/B1: [10]
· A2/B2: [6]
· A3/B3: None
· C0: [12]
· C2: [8]

[Huawei]: 
· A2 covers 4 OFDM symbol. The motivation to have starting symbol 6 is to have 2 A2 in one slot? Yet in such case this is no guard band at the end of the slot. We prefer larger than 6, e.g., 7.
· 7 is better than 6, 1): it is at the 2nd data slot if the data SCS is larger than the RACH SCS as we explained in our Tdoc. 2) They both can only have 1 A3 in 
[Nokia]: 
· Do we want to keep one symbol gap at the end of format A1/A2/A3. In this case, these formats should start with an Odd symbol
· With A1=10, we can only fit one RO, and have a two-symbol gap. With A2=6, we can only fit one RO with a 2 symbol.
· Should we consider other values such A1: 3 or 5, A2: 5, A3: 7, …

[Qualcomm] We are OK with new starting symbols 6 and 8. However, in FR2, starting symbol of 10 and beyond are not efficient. Due to higher number of SSBs, network will have to configure a higher number of RACH time instances compared to FR1. Less number of consecutive RACH occasions in a slot will enforce distribution of the RACH resources among many slots. This will increase the total number of guard symbols, possibly between DL and RACH or at the end of consecutive RACH occasions for format A1, and lead to inefficiency.
Hence, following additional starting symbols are proposed for format A1, B1 and A1/B1:
· A1: 7
· B1: 8
· A1/B1: 8 

For example, following entry is currently proposed in the RACH configuration table.
	PRACH Configuration Index
	Preamble format
	nSFN mod x  = y
	Slot number
	Starting symbol
	Number of PRACH slots within a 60KHz slot
	Number of time domain PRACH occasions within a RACH slot
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	10
	A1
	1
	0
	23,31,39
	10
	2
	1



Instead of the above entry, we can have the following entry:
	PRACH Configuration Index
	Preamble format
	nSFN mod x  = y
	Slot number
	Starting symbol
	Number of PRACH slots within a 60KHz slot
	Number of time domain PRACH occasions within a RACH slot
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	A1
	1
	0
	39
	7
	2
	3



Other entries with starting symbol of 10 or later can be updated in a similar way.

Several proposals for the RACH configuration for unpaired spectrum, FR2 and short sequence have been submitted. Based on those proposals the following offline proposal is made (only for format A1 as a starting point, the other formats can reuse the slot number allocation):
· Table 6.3.3.2-X: Random access configurations for FR2 and unpaired spectrum (short sequence)
	PRACH Configuration Index
	Preamble format
	nSFN mod x  = y
	Slot number
	Starting symbol
	Number of PRACH slots within a 60KHz slot
	Number of time domain PRACH occasions within a RACH slot
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	0
	A1
	1
	0
	19.39
	0
	1
	6

	
	A1
	1
	0
	19.39
	2
	1
	5

	
	A1
	1
	0
	19.39
	0
	2
	6

	
	A1
	1
	0
	19.39
	2
	2
	5

	
	A1
	1
	0
	19.39
	10
	2
	1

	
	A1
	1
	0
	23,31,39
	0
	1
	6

	
	A1
	1
	0
	23,31,39
	2
	1
	5

	
	A1
	1
	0
	23,31,39
	10
	1
	1

	
	A1
	1
	0
	23,31,39
	0
	2
	6

	
	A1
	1
	0
	23,31,39
	2
	2
	5

	10
	A1
	1
	0
	23,31,39
	10
	2
	1

	
	A1
	1
	0
	23,27,31,35,39
	0
	1
	6

	
	A1
	1
	0
	23,27,31,35,39
	2
	1
	5

	
	A1
	1
	0
	23,27,31,35,39
	0
	2
	6

	
	A1
	1
	0
	23,27,31,35,39
	2
	2
	5

	
	A1
	1
	0
	23,27,31,35,39
	10
	2
	1

	
	A1
	1
	0
	4,9,14,19,24,29,34,39
	0
	1
	6

	
	A1
	1
	0
	4,9,14,19,24,29,34,39
	2
	1
	5

	
	A1
	1
	0
	4,9,14,19,24,29,34,39
	10
	1
	1

	
	A1
	1
	0
	4,9,14,19,24,29,34,39
	0
	2
	6

	20
	A1
	1
	0
	4,9,14,19,24,29,34,39
	2
	2
	5

	
	A1
	1
	0
	[1,3,5,7,9,11,13,15,17,19,
21,23,25,27,29,31,33,35,37,39]
	0
	2
	6

	
	A1
	2
	1
	19,39
	0
	1
	6

	
	A1
	2
	1
	19,39
	0
	2
	6

	
	A1
	4
	1
	19,39
	0
	1
	6

	
	A1
	4
	1
	19,39
	0
	2
	6

	
	A1
	8
	1
	19,39
	0
	1
	6

	27
	A1
	16
	1
	19,39
	0
	1
	6



Additional comments:
[Nokia] for this configuration
	
	A1
	1
	0
	0,1,2,3,4,5,6,7,8,9,
10,11,12,13,14,15,16,17,18,19,
20,21,22,23,24,25,26,27,28,29,
30,31,32,33,34,35,36,37,38,39
	0
	2
	6



[Nokia] How can we send the RAR?
[Nokia]: It might be good to have configurations assuming 1 ms periodicity, e.g. following: 3, 7, 11, 15, 19, …. 35, 39. I see that you have 23,31,39, and 23,27,31,35,39. But that’s only in the second half of the frame. We should at least start at slot 19, and maybe even earlier. If we agree that SSB can collide with RO’s and they take precedence, then we can start from 3 or 7 for 1ms or 2ms UL-DL periodicity. It might be good to also consider 2.5 ms periodicity, i.e. 9, 19, 29, 39
[ZTE]: For 2ms UL-DL periodicity, {7,15,23,31,39} should be considered.  If we need 0.5ms UL-DL periodicity, {1,3,5,7,9,11,13,15,17,19,21,23,25,27,29,31,33,35,37,39} should be considered.

Other key issues related to AI 7.1.1.4.1

	Company
	Comments

	Huawei
	Support of frequency multiplexing: 
The frequency multiplexing shall be done according to

Where  is the relative offset of the first PRACH occasion in frequency domain with respective to PRB 0 of initial active UL BWP,  is the PRACH frequency index in the time instance,  is radio frame number of PRACH occasion,  is PRACH configuration period (with unit frame),  is the bandwidth of initial active uplink bandwidth part,  is the bandwidth of the PRACH preamble as given in Table 6.3.3.2-1.
Huawei comment:
In any case, we need to define the frequency locations of the RACH resources. Either supports frequency hopping or not.
Editor s comment:
For the mapping of RACH occasions in the frequency domain we have the following description in section 5.3.2:

 is the frequency offset of lowest PRACH transmission occasion in frequency domain with respect to PRB 0 of the initial active uplink bandwidth part given by the higher-layer parameter prach-frequency-start 

-	  is the PRACH transmission occasion index in frequency domain for a given PRACH transmission occasion in one time instance as given by clause 6.3.3.2; 

	ZTE
	Saving one bit in RMSI by combining restricted set and SCS indication. 
Only one parameter between the parameter of restriction set and parameter of SCS of Msg1 is preferred to save overhead in RMSI.

	ZTE
	Whenever SRS transmission instance overlaps with region of the PRACH preamble format (not including GP), the UE shall not transmit SRS.


	Qualcomm
	In R1-1802813 from Qualcomm the following is observed:
	Observation 3: In format 2, The ratio of CP samples and required interpolation factor is not an integer for length 2048 FFT.
Hence, we propose to change the number of CP samples of format 2 to , which would be an integer multiple of the interpolation factor for both length 2048 and 3072 FFT. For the proposed value of , ratio of CP samples and interpolation factor become 390 and 585 for length 2048 and 3072 FFT respectively.
Observation 4: If number of CP samples is changed to  in format 2, the ratio of CP samples and interpolation factor remain an integer value for length 2048 and 3072 FFT.



Based on the above observation, the following is proposed:
Proposal 1: NR changes the number of CP samples of PRACH format 2 to .
	TP for 38.211 section 6.3.3.1





Table 6.3.3.1-1: PRACH preamble formats for  and 
	Format
	

	

	

	

	Support for restricted sets

	0
	839
	1.25 kHz
	

	

	Type A, Type B

	1
	839
	1.25 kHz
	

	

	Type A, Type B

	2
	839
	1.25 kHz
	

	4688 4680
	Type A, Type B

	3
	839
	5 kHz
	

	

	Type A, Type B



	CHANGE END




	MediaTek
	RAN4 have provides answers in R1-1801233 (R4-1800607) of the LS that RAN1 sent regarding PRACH formats for 120kHz, they have concluded that there are no issues with formats A1, A2, A3 and C0 using SCS = 120kHz, therefore the following is proposed
From R1-1801659, MediaTek:
Proposal 1: RAN1 endorses RAN4’s guidance and supports that PRACH preamble formats A1, A2, A3, and C0 with SCS=120 kHz are mandatory for all UEs irrespective of their capabilities.
Editor’s note: The implication of this proposal is that an update in the UE feature list for PRACH formats is needed.  

	NTT DoCoMo
	NR supports additional RACH configuration table with more than 8 bits size for non-standalone operation separately from the table for initial access.



References

	1
	R1-1801330
	Remaining details of RACH Preambles
	Huawei, HiSilicon

	2
	R1-1801409
	Remaining details of PRACH Resource Configuration
	ZTE, Sanechips

	3
	R1-1801659
	Remaining details on PRACH formats
	MediaTek Inc.

	4
	R1-1801711
	Further details on NR RACH format
	CATT

	5
	R1-1801950
	Corrections on PRACH Formats
	Samsung

	6
	R1-1802021
	Remaining details on PRACH formats
	Nokia, Nokia Shanghai Bell

	7
	R1-1802032
	Discussion on PRACH configuration table
	CMCC

	8
	R1-1802219
	Discussion on PRACH preamble format details
	LG Electronics

	9
	R1-1802386
	NR PRACH formats
	Intel Corporation

	10
	R1-1802464
	Remaining issues on PRACH formats
	NTT DOCOMO, INC.

	11
	R1-1802616
	Remaining Details on Physical Random Access Channel 
	InterDigital, Inc.

	12
	R1-1802813
	Remaining details on PRACH formats
	Qualcomm Incorporated

	13
	R1-1802945
	Remaining details of PRACH formats
	Ericsson



Appendix

	1
	R1-1801330
	Remaining details of RACH Preambles:
Proposal 1: Remove the entries for format 1 of subframe number larger than 7 in Table 6.3.3.2-2 and confirm the working assumption as in appendix A.
Proposal 2: For FR1 and unpaired spectrum, NR adopts PRACH configuration of short sequence as shown in appendix B. 
· Introducing starting symbol “7” for format A1, A2, A3, C0, C2, B1, A1/B1, A2/B2, A3/B3
· SFN mod Configuration Period is 1 when RACH Configuration Period > 1(10ms)
· Prioritize RO subframes locations in 4 and 9 
Proposal 3: For FR2 and unpaired spectrum, NR adopts PRACH configuration as shown in appendix C.
· Introducing starting symbol “7” for format A1, A2, A3, C0, C2, B1, A1/B1, A2/B2, A3/B3
· SFN of RO depends on the RMSI CORESET group offset X (X=0ms for RMSI pattern 2/3): 
· If X>=5ms, SFN mod Configuration Period = 0, 
· If X<5ms, SFN mod Configuration Period =1.
· Slot index of RACH occasion is function of whether odd or even SFN.
Proposal 4: The PRACH resources configured in RMSI are also allowed to be transmitted in the flexible part configured by UL-DL-configuration-common without collision with SS/PBCH block.
Proposal 5: NR defines the mapping from RACH resources to physical resource block. 
Proposal 6: NR supports the mapping from RACH resources to physical resource block with frequency hopping across PRACH configuration periods
	Huawei, HiSilicon

	2
	R1-1801409
	Remaining details of PRACH Resource Configuration:
Proposal 1: NR supports that the gNB configures a PRACH configuration and a semi-static DL/UL configuration in RMSI such that some PRACH occasions may collide with DL parts and/or unknown parts.
Proposal 2: If the semi-static UL/DL pattern is configured in RMSI, only PRACH occasions completely within the UL (U) and/or flexible/unknown (X) parts are valid.
·  Any PRACH occasions colliding with an actually transmitted SSB (in U or X) is not valid.
· The association between SSBs and PRACH occasions is based only on the valid PRACH occasions.
Proposal 3: Consider the above table1 as short sequence configuration table for unpaired spectrum in FR1. 
Proposal 4: Consider the above table2 as short sequence configuration table for unpaired spectrum in FR2. 
Proposal 5: Only one parameter between the parameter of restriction set and parameter of SCS of Msg1 is preferred to save overhead in RMSI.
Proposal 6: Whenever SRS transmission instance overlaps with region of the PRACH preamble format (not including GP), the UE shall not transmit SRS.

	ZTE, Sanechips

	3
	R1-1801659
	Remaining details on PRACH formats:
Observation 1: The UE transient periods are excluded by the PRACH ON-OFF time mask and do not harm the orthogonality of PRACH transmissions onto the same RACH occasion. 
Observation 2: Interference from neighbouring RACH occasions, if exists, could be negligible thanks to directivity of beamforming.
Observation 3: In Rel-15, a PRACH preamble format can be either not supported or mandatory for all UEs.
Proposal 1: RAN1 endorses RAN4’s guidance and supports that PRACH preamble formats A1, A2, A3, and C0 with SCS=120 kHz are mandatory for all UEs irrespective of their capabilities.
Observation 4: 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 5: 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 6: 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.

	MediaTek Inc.

	4
	R1-1801711
	Further details on NR RACH format:
Proposal 1 & 2 are long text proposals and are not copied to this summary. 
Proposal 3: Add an additional starting PRACH OFDM symbol index 8 for the semi-static UL / DL configuration.

Proposal 4: For TDD in NR, there should be at least one RACH configuration that does not collide with SSB slots.

	CATT

	5
	R1-1801950
	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: removing some entries with highly similar configuration to meet the 256 entry requirement.
Proposal 2: for short sequence in unpaired spectrum and above 6 GHz, the slot index in PRACH configuration entries can be scalable based on subframe index in PRACH configuration entries decided for below 6Ghz .
Proposal 3: At least for unpaired spectrum, the start position of PRACH occasion can be determined from the end of uplink slot.
Proposal 4: confirm the working assumption with the update of “only PRACH occasions within the UL part is transmitted”.

	Samsung

	6
	R1-1802021
	Remaining details on PRACH formats:
Observation 1: There are no paired spectrum bands defined in FR2 in release 15.
Proposal 1: 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 1. 
Proposal 2: For unpaired spectrum in FR1, and in case the PRACH configuration period is 10ms, RACH occasions can be placed in subframes 3, 4, 7 and 9.
Proposal 3: If PRACH configuration period is greater than 10 ms, the RACH occasions start in frame 1, and can be spread over several radio frames.
Proposal 4: If the number of PRACH slots within a subframe is 2, the starting symbol of the RACH occasions is symbol 0. If the number of PRACH slots within a subframe is 1, the starting symbol of the RACH occasions can be greater than 0.
Proposal 5: 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 1. 
Proposal 6: For unpaired spectrum in FR2, RACH occasions can be placed in 0.25 ms slot number 4+5*m, with m = 0, 1, … 7, or 0.25 ms slot number 3+ 4*n, with n = 0, 1, … 9.
Observation 2: 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].
Proposal 7: If For the Semi-static UL/DL configuration is in RMSI, only PRACH occasions within the UL and flexible part is are transmitted valid
· 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.

Proposal 8: In TS38.211, in Table 6.3.3.2-2 remove entry number 117 (preamble format A1/B1 with periodicity 10 ms, and in all subframes).
	Nokia, Nokia Shanghai Bell

	7
	R1-1802032
	Discussion on PRACH configuration table:
Proposal 1: The following principle should be followed in designing PRACH configuration table of short preamble formats for unpaired spectrum:
PRACH occasion should be designed to occupy the end of a semi-static UL/DL configuration period. 
Proposal 2: 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
	0
	7

	
	2
	1
	
	2
	6

	C2
	0
	2
	
	12
	1

	
	2
	2
	B1
	0
	7

	
	8
	1
	
	2
	6

	A3/B3
	0
	2
	
	12
	1

	
	2
	2
	A1
	0
	6

	A3
	0
	2
	
	2
	5

	
	6
	1
	
	10
	1

	A2/B2
	0
	3
	A1/B1
	0
	7

	
	2
	3
	
	2
	6

	
	6
	2
	
	10
	2

	A2
	0
	3
	

	
	4
	2
	

	
	8
	1 
	


Proposal 3: Consider the PRACH configuration subframe pattern in Fig.2 for short sequence preamble formats for FR1. The PRACH configuration table is presented in the Appendix.
Proposal 4: More priority to Ax and Bx formats compared to Ax/Bx for unpaired spectrum under FR2.
Proposal 5: Consider the PRACH configuration slot pattern 1,3,4,6,7 in Fig.3 for short sequence preamble formats for FR2. The PRACH configuration table is presented in the Appendix.
Proposal 6: Reserve some PRACH configuration indexes for concatenated DL-unknown-UL periodicities.

	CMCC
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	R1-1802219
	Discussion on PRACH preamble format details:
For FR1 and unpaired spectrum
A. Long sequence based RACH preamble
Observation 1:
· In case of FR1 and unpaired spectrum, total 71 (=30+6+6+29) entries are assigned for long sequence based RACH preamble. However, the remaining entries (185=256-71) is not enough for the configuration of short sequence based RACH preamble. 
Observation 2: 
· Considering on the SS/PBCH block transmission and RMSI search window occasions, 5 subframes (i.e. index of 3, 4, 7, 8 and 9) could be used as PRACH occasion when DL/UL is configured within 5ms and 10ms period. 
· In addition, for the case of 2.5ms period for DL/UL configuration, two more subframe (i.e. index 1, 6) could be assigned as PRACH occasion.

Proposal 1:
· The total entries for the configuration of long sequence based RACH preamble should be reduced.
· About 54 entries for the configuration of long sequence based RACH preamble are assigned.
· Assume 22, 6, 6 and 22 entries for each format.
Proposal 2: 
· Modify the configuration parameters for format 0 and 3 as follow:
· x=1,y=0, subframe={{3},{4},{8},{9},{1,6},{4,9},{3,4},{8,9},{3,4,9},{4,8,9},{7,8,9}, {1,4,6,9},{3,4,8,9},{1,3,5,7,9}}
· Confirm the working assumption for starting OFDM symbol {7} in case of subframe index {1,6}

B. Short sequence based RACH preamble
Observation 3: 
· 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.
Observation 4: 
· 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: 
· As a baseline to design the RACH configuration for short sequence based RACH preamble, adopt the following configuration parameters for short sequence based RACH preamble.
· x=16, y=1, subframe={{9}}
· x=8, y=1, subframe={{9}}
· x=4, y=1, subframe={{9}}
· x=2, y=0, subframe = {{4},{9}}
· x=2, y=1, subframe = {{4},{9}}
· x=1,y=0, subframe={{3},{4},{8},{9},{1,6},{4,9},{3,4},{8,9},{3,4,9},{4,8,9},{7,8,9}, {1,4,6,9},{3,4,8,9},{1,3,5,7,9}}
· On the top of the configuration, modify the subframe index for RACH occasion depending on the RACH format.
Proposal 4: 
· 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.
Proposal 5: 
· 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.

For FR2 and unpaired spectrum
Observation 5: 
· 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 6: 
· In case of FR2, following values are applied for PRACH configuration:
· x=16, y=1, subframe={{39}}
· x=8, y=1, subframe={{39}}
· x=4, y=1, subframe={{39}}
· x=2, y=0, subframe = {{19},{39}}
· x=2, y=1, subframe = {{19},{39}}
· x=1,y=0,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
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	R1-1802386
	NR PRACH formats:
This contribution discusses the remaining issues for PRACH formats and provides the following proposals for the completion of RACH format related issues.

Proposal 1:
· It is proposed to consider the entries in the Table1-3 for PRACH configuration table

Proposal 2:
· If any symbol of RACH ocassions collides with DL signlas, then the corresponding slot is not used as a RACH slot but used for downlink.

	Intel Corporation
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	R1-1802464
	Remaining issues on PRACH formats:
Proposal 1: RACH configuration table for PRACH format 0/3 should be baseline for RACH configuration table for short sequence.
Proposal 2: Number of PRACH slots within a subframe in RACH configuration table should be 1 for majority of RACH configuration indices for FR1.
Proposal 3: Starting symbol index in RACH configuration table should be only 2 for FR1.
Proposal 4: NR supports following table III for RACH configuration table for FR1, TDD and short sequence. These 18 configuration indices in the table are applied to each of all PRACH formats with short sequence, respectively.
Table III: RACH configurations for FR1, unpaired spectrum and short sequence

Proposal 5: For the number of RACH configuration indices for each PRACH format, PRACH format C0 should be prioritized for FR2.
Proposal 6: Number of PRACH slots within a 60 kHz SCS slot in RACH configuration table should be 1 for majority of RACH configuration indices for FR2.
Proposal 7: For PRACH format A2/B2, A3/B3, C2 and B4, starting symbol index in RACH configuration table should be only 2 for FR2.
Proposal 8: For PRACH format A1, A1/B1, B1, C0, A2 and A3, both starting symbol index 0 and 2 in RACH configuration table should be supported for FR2.
Proposal 9: NR at least supports following table IV for RACH configuration table for FR2 and TDD. These 12 configuration indices in the table are applied to each of PRACH format A1, A1/B1, B1, C0, A2 and A3, respectively.
Table IV: RACH configurations for FR2 and unpaired spectrum

Proposal 10: NR at least supports following table V for RACH configuration table for FR2 and TDD. These 10 configuration indices in the table are applied to each of PRACH format A2/B2, A3/B3, C2 and B4, respectively.

Proposal 11: NR supports RACH configuration table in Table A1 and A2 in Appendix.
Proposal 12: 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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	R1-1802616
	Remaining Details on Physical Random Access Channel:
Proposal 1: gNB configures PRACH resources to avoid the collision with actually transmitted SSBs.
	InterDigital, Inc.
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	R1-1802813
	Remaining details on PRACH formats:
Observation 1: The output of baseband IFFT needs to be interpolated by a factor of (Nu/(M *  * FFT length)) to generate the required number of samples for the symbol where M is the number of symbol repetitions for the format (e.g. M is equal to 1, 2, 4 and 4 for format 0, 1, 2 and 3 respectively).
Observation 2: To generate cyclic prefix properly, the number of CP samples should be an integer multiple of the interpolation factor mentioned in observation 1.
Observation 3: In format 2, The ratio of CP samples and required interpolation factor is not an integer for length 2048 FFT.
Observation 4: If number of CP samples is changed to  in format 2, the ratio of CP samples and interpolation factor remain an integer value for length 2048 and 3072 FFT.
Observation 5: Network has to configure a gap symbol between DL symbol and RACH resources to avoid interference from Msg1 transmission to DL signals.
Observation 6: If the number of time domain RACH occasions within a slot is very small, gNB will have to distribute the RACH occasions over many slots to ensure mapping from all actually transmitted SSBs to RACH within a relatively short period of time.
Observation 7: 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 8: 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 changes the number of CP samples of PRACH format 2 to .
	CHANGE START





Table 6.3.3.1-1: PRACH preamble formats for  and 
	Format
	

	

	

	

	Support for restricted sets

	0
	839
	1.25 kHz
	

	

	Type A, Type B

	1
	839
	1.25 kHz
	

	

	Type A, Type B

	2
	839
	1.25 kHz
	

	4680
	Type A, Type B

	3
	839
	5 kHz
	

	

	Type A, Type B



	CHANGE END



Proposal 2: NR should support as many PRACH occasions in a slot as possible to reduce the overhead associated with guard symbols.
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.
· For FR2 unpaired spectrum, NR considers the RACH configuration entries of table 3.

	Qualcomm Incorporated
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	R1-1802945
	Remaining details of PRACH formats:
Proposal 1	Support also a RACH start symbol value of 6 or 7 also for some short sequences, to allow mitigation of TRP-to-TRP interference in TDD systems.
Proposal 2	Support RACH start symbol value of 2 for a wide range of configurations in the PRACH configuration tables for unpaired spectrum.
Proposal 3	The RACH configuration tables for unpaired spectrum can be based on the table for paired spectrum, but it should have ample support for starting symbol 2 and some support for starting symbol 6 or 7.
Proposal 4	Base RACH configuration tables for unpaired spectrum on Table 3.
Proposal 5	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 6	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.

	Ericsson
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